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EVEN years ago, one of the authors 

reported the successful decompression 

of 3 instances of acute mechanical 

intestinal obstruction by continuous 
suction applied to an indwelling tube (18). 
It was then indicated that the chief réle of 
conservative decompression in the manage- 
ment of mechanical obstruction of the bowel 
would probably be found to be in instances 
of adhesive obstruction in which drainage 
of the bowel would permit automatic re-es- 
tablishment of luminal continuity. It was 
asserted then also that colonic obstruction 
accompanied by great distention and strangu- 
lating obstructions were absolute contra- 
indications to attempts at achieving release 
of the obstruction by suction. In the inter- 
vening years, a number of expressions have 
come from this clinic upon the management of 
bowel obstruction (19, 20, 21, 22, 23, 24). Save 
for an analysis of the experience gained dur- 
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ing the first 2 years (25), no systematic study 
of the réle and the successes and failures of the 
suction management of acute mechanical 
obstruction of the intestine has been made 
since in this clinic. The invitation to review 
the experience of this clinic with the method 
is, therefore, not only welcomed but recog- 
nized as a duteous obligation. 

As explained in the initial communication, 
the idea that the small bowel when obstructed 
could be decompressed by an indwelling duo- 
denal tube was no accidental observation but 
the outgrowth of quantitative determinations 
of the gas and fluid escape through enteros- 
tomy tubes following operative relief of ob- 
struction. As soon as drainage of the bowel 
proximal to the obstruction permits re- 
establishment of intestinal continuity, the 
escape of gas and fluid through the enteros- 
tomy usually ceases. 

The indications and the contra-indications 
for the employment of suction applied to an 
indwelling duodenal tube in the management 
of acute obstruction have remained essentially 
the same during these 7 years. .These have 
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been described so often that they will not be 
repeated here. The relative indications for 
the employment of suction are so many that 
it would be well to reiterate a warning which 
has been uttered on other occasions, namely, 
“The practice of employing suction as a test 
procedure to indicate whether operation will 
be necessary leads only to deferment of appro- 
priate treatment.” Neglect of this admonition 
is the most mischievous error into which one 
may fall in the application of suction to pa- 
tients with intestinal obstruction. 

It is to be admitted freely that suction in 
such instances is a ‘‘blind method” far more 
dim sighted than “blind enterostomy,” in the 
use of which method, at any rate, the abdo- 
men is opened. It is highly important, there- 
fore, that he who uses the method be ac- 
quainted not only with its shortcomings, but 
also with the intricacies and limitations of 
diagnosis of acute abdominal disorders. Bear- 
ing in mind the significance of intestinal colic, 
the absence or presence of demonstrable 
peritoneal tenderness, the character of the 
gastric aspirations, and the disclosures of the 
scout film of the abdomen, the trained clinical 
observer can tell usually with high accuracy: 
(1) whether obstruction is present; (2) whether 
the obstruction is simple or strangulating in 
character; (3) where the obstruction is; and 
(4) whether it is complete or incomplete. 
Often he cannot say what the causative 
agency is or just how the bowel is obstructed. 
Determination of the exact pathological mech- 
anism of the obstruction without opera- 
tion is, therefore, almost invariably conjec- 
tural. Yet, except for rare occurrences of 
enteric intussusception or obstruction by gall 
stones, deductions made from a summation of 
the clinical and roentgenographic evidence in 
instances of simple obstruction are ordinarily 
accurate. He who elects to employ suction in 
the presence of intestinal colic accompanied 
by rebound tenderness of the abdominal wall 
does it at the great risk of treating a patient 
conservatively who has a strangulating type 
of obstruction. The only source of error is 
that such a patient may have a simple me- 
chanical obstruction as a consequence of an 
inflammatory lesion which provokes tender- 
ness. This differentiation, unfortunately, can- 
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not be made always. It is no idle academic 
discussion, for many an inflammatory lesion 
is extended by invading the peritoneal cavity 
unnecessarily. At the same time, it is fool- 
hardy and dangerous to treat conservatively 
a patient who may have a strangulating type 
of obstruction. 

Furthermore, patients with strangulated 
gut, who are observed only after the elapse of 
some time, may be incorrectly identified as 
instances of peritonitis of inflammatory origin. 
Untrained observers particularly are likely to 
fall into this error. With the escape of fluid 
into the peritoneal cavity, the intestinal colic 
becomes less and less a prominent feature and 
may be elicited with the stethoscope only 
after long periods of waiting and listening at 
the bedside. Yet, observant attention to the 
story and the lending of a careful and atten- 
tive ear for the presence of abdominal sounds 
and noises over protracted periods of time, 
should serve to eliminate this potential source 
for tragic blunder. It is an error which hedges 
about the recognition of the presence of bowel 
obstruction rather than over choice of treat- 
ment. 

The trained observer is more likely to err 
in overextending the relative indications for 
suction than he is in misapplying suction to a 
patient with a strangulated gut in whom 
exploration is mandatory. Untrained ob- 
servers may fail to identify strangulating 
obstructions and confuse them with primary 
inflammatory lesions. Such has been the expe- 
rience in this clinic. 


EVALUATION OF RESULTS 


The strength and weakness of a therapeutic 
measure can be appraised only by extensive 
trial and a study of the results. The scheme 
employed in the report (25) of 1933 will be 
followed in the evaluation of the suction 
method. That study included a few patients 
seen in consultation in other hospitals in the 
metropolitan area of the Twin Cities. This 
study relates only to patients admitted to the 
University Hospital in the 7 year interval be- 
tween June 1, 1931, and June 1, 1938. In the 
earlier study all patients were seen by 2 
observers (Paine and Wangensteen). This 
study parallels more closely common hospital 
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practice in which the responsibility for observ- 
ing and treating the patient is shared by a 
much larger group of men. While the senior 
author of this paper has been responsible for 
outlining the general policy of management 
and a large number of the patients have come 
under his immediate attention, somewhat 
more than a dozen staff members and surgical 
residents have shared the responsibility of 
determining the choice of a therapeutic pro- 
cedure in the series of cases reported herewith 
and of performing the necessary operations. 


DIVISION OF CASES 


The tabulated results include all patients 
with acute mechanical obstruction of the 
small intestine that have been observed at the 
University Hospital in the interval between 
June 1, 1931, and June 1, 1938. To be certain, 
suction applied to an inlying duodenal tube 
has played no significant function as a sole 
agent in such cases as strangulated hernias 
and intussusception. Yet, it has appeared 
important to consider all patients with ob- 
struction of the small intestine in this study 
to indicate more accurately what the réle of 
suction is considered to be. Patients with 
obstruction of the colon have been excluded 
from this study for, as has already been 
stated, conservative decompression concerns 
essentially obstruction of the small intestine. 
Only those patients with colonic obstruction 
in whom distention is not a prominent feature 
are suitable for attempts at decompression 
by an inlying duodenal tube. In all patients 
in whom great distention of the colon exists, 
immediate operative decompression is in- 
dicated. It should probably be said, however, 
that 6 patients with acute colonic obstruction 
in whom the distention was only of moderate 
grade have in this interval of time been 
treated by an inlying duodenal tube and suc- 
tion, thereby avoiding colostomy as an initial 
operative procedure. There were no deaths in 
this group. The experience of any clinic in 
the management of acute bowel obstruction 
cannot be sampled adequately unless all types 
of cases are recorded. Even though the 
employment of suction does not relate sig- 
nificantly to the treatment of patients with 
acute obstruction of the large bowel save as a 


secondary auxiliary factor, the experience of 
this clinic in the management of such cases also 
will be detailed briefly. Patients with inflam- 
matory intraperitoneal lesions in whom dis- 
tention occurred and other types of physio- 
logical ileus, in the relief of which suction is 
an important therapeutic agency, are not 
considered in this study save in those few 
instances in which the presence of mechanical 
obstruction to intestinal continuity was 
affirmed on good factual data. 

The cases have been grouped as follows: 

1. The suction group 

A. Patients in whom suction applied to an inlying 
duodenal tube was the only treatment directed at 
the relief of the obstruction (no operation). 

B. Patients decompressed by suction but operated 
upon subsequently because of demonstrated or con- 
jectured persistence of obstructive mechanism. 

C. Patients in whom suction was unsuccessful in 
effecting decompression and in whom operation be- 
came necessary for satisfactory relief from acute 
obstruction. 

2. Patients treated by immediate operation 

A. Intraperitoneal obstructions. 

B. Strangulated hernias. 

C. Intussusceptions. 

3. A miscellaneous group in which no therapy di- 
rected at the relief of obstruction was carried out be- 
cause the patient was 

A. Moribund or dead on arrival at the ward. 

B. The obstruction had righted itself spon- 
taneously. 

C. The presence of obstruction was not recog- 
nized. 


RESULTS 


The results are to be noted in the tables for 
each group. A brief synopsis is to be found in 
Table VIII. The salient information regard- 
ing all patients who died is tabulated briefly. 
The case records of fatal cases are, in the 
main, far more deserving of study and at the 
same time more instructive than are the 
successes. 

In the calculation of mortality a “corrected 
factor” has been introduced to denote those 
patients who died of intestinal obstruction. 
in a series such as this a number of patients 
are observed with terminal carcinomatosis or 
extraperitoneal infection in whom acute me- 
chanical obstruction occurs as an incident. 
If the management of the distention failed to 
relieve the obstruction, the death is counted 
as being due to obstruction; if on the con- 
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TABLE I.—GROUP 1.—THE SUCTION GROUP 


A. Patients in whom suction applied to an inlying duodenal tube was the only treatment directed at the relief 
of the obstruction—no pape 
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Per cent : 
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Patient | Case Patient Case 
57 | 66 | 10 ws | age 6 7 6 
Obstruction complete | 6 . 
Obstruction incomplete 4 
Seen twice in Group A 4 
sli | —— 
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Seen previously in Group 1B..................+- 
Seen subsequently in Group 1B. 
Seen previously in Group 1C 
Seen subsequently in Group 1C 














Classified also in Group 2 (death No. 10) 














Deaths in Group 1A 

The first 6 deaths are considered as unrelated to the 
obstruction. 

1. E.D., No. 624561, female, aged 74. Patient had gen- 
eralized carcinomatosis, primary in the ovary, and partial 
intestinal obstruction. Relief was secured by suction ap- 
plied to an inlying duodenal tube, but patient could not 
tolerate clamping of the tube. Patient died 31 days after 
admission. 

2. F.E., No. 623597, male, aged 50. Patient had a per- 
forated peptic ulcer repaired elsewhere 1 year previously. 
He came in for treatment of bilateral empyema and lung 
abscesses. During the hospital stay, patient developed 
small and large bowel obstruction, controlled by suction. 
The patient died of toxemia due to abscesses and empyema 
and of respiratory embarrassment. Autopsy also showed 
adhesive bands. 

3. O.H., female, aged 18. Patient had an 11-day history 
of symptoms of small bowel obstruction on an adhesive 
basis. Suction gave partial relief in 24 hours and complete 
decompression in 16 hours. Duodenal tube was removed 
in 144 hours. The patient was symptom free for 3 days 
and then died suddenly. The mode of death strongly sug- 
gested suicide by poisoning. However, this was not proved. 
. C.S., No. 662462, male, aged 62. History was unre- 
liable. Patient had had chills, sweats, cough, obstipation, 
considerable vomiting, and increasing abdominal disten- 
tion for 6 or 7 days. Mass was palpable in the left lower 
quadrant. X-ray findings after an umbrathor meal were 
interpreted as obstruction in the upper small bowel, prob- 
ably due to carcinoma. The patient refused surgery despite 
frequent urging and was treated with moderate relief by 
suction. The patient expired on the fourteenth hospital 
day, 11 days after surgery was advised. Autopsy was 
refused. 

5. O.M., No. 667954, male, aged 61. This patient had 
had resection of carcinoma of the sigmoid colon done else- 
where 2 years before admission. At the time of admission 
he had had quite severe back pain for 4 months and had 
lost 20 pounds during this period. On the fourth hospital 
day the patient developed partial intestinal obstruction 
and was treated by means of duodenal suction for 11 days. 
The obstruction seemed controlled. The patient died on 
the thirty-fourth hospital day of carcinomatosis. There 


was no distention of bowel found at autopsy. The tube 
was removed after 11 days. 

6. R.B., No. 611098, female, aged 6 days. The patient 
was a 6-day-old baby who was admitted because of per- 
sistent vomiting and a walnut-sized mass at the base of a 
necrotic umbilical stump. Intestinal contents drained at 
the umbilicus, and with probing of the wound, drainage 
became free and the emesis ceased. X-ray examination 
revealed complete obstruction at the cecum. The patient 
was treated with suction and para-enteral fluids alternating 
with concentrated, predigested food. The fistula was fre- 
quently probed to permit drainage and stop vomiting so 
that feeding could be done. Gangrene of the arm de- 
veloped, necessitating amputation. Patient expired the 
thirtieth hospital and second day following amputation. 
Autopsy revealed the fistula to be in the terminal ileum 
with many adhesions in this region, the adhesions appar- 
ently causing the obstruction. There was also a congenital 
stricture of the cystic duct. 

The following case histories involve deaths related to 
obstruction: 

7. E.R., No. 669153, male, aged 54. Patient had had 
vague gastro-intestinal distress almost all his life, more 
marked for the 4 to 5 years prior to admission. His pain had 
been constant for the 4 months prior to admission and he 
had been largely incapacitated. There was a history of 
recent red blood in the stools. The patient had had ab- 
dominal cramps, vomiting, and obstipation. He had been 
treated in another hospital for 10 days for an intra-abdom- 
inal condition, the diagnosis of which was reserved. There 
had been shoulder strap pain for 24 hours. The patient 
had had appendectomy 30 years before admission. At the 
time of admission there was marked distention of the ab- 
domen with extreme tenderness in the upper abdomen, but 
no definite rebound tenderness. The abdomen was silent. 
X-ray examination revealed distention of small and large 
bowel and some loss of peritoneal markings, but no free gas. 
Diagnosis made was possible perforated ulcer, but this was 
indefinite. The patient was treated conservatively with 
suction and transfusions. He expired on the fifth hospital 
day. Autopsy revealed strangulation obstruction due to 
visceroparietal adhesions at site of old appendectomy. 
There was peritonitis but no definite perforation. There 
was a duodenal ulcer, not perforated 
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8. H.O., No. 662246, male, aged 19. This patient had 
had appendectomy 6 months before admission. No gross 
abnormality had been found. On the day of the present 
admission the patient suffered sudden, severe abdominal 
pain accompanied by vomiting. He had been given 2 in- 
jections of what was believed to be morphine. Upon ad- 
mission, examination of the abdomen revealed no distention, 
_ the abdomen was soft. There was some tenderness in 

he right lower quadrant with slight spasticity there. The 
vatlant was heavily narcotized. The abdomen was quiet 
to auscultation. X-ray examinations were inconclusive, 
and the diagnosis was reserved. The patient was treated 
conservatively and under observation. The temperature 
rose and distention appeared and increased. The patient 
became irrational within 48 hours (temperature 99.6 de- 
grees R. and pulse 110) and from that time on he removed 
the duodenal catheter frequently. He died the sixth hos- 
pital day with the diagnosis of peritonitis, cause unde- 
termined. Autopsy revealed strangulation obstruction un- 
der an adhesion and peritonitis. There was a Meckel’s 
diverticulum of no note. 

g. A.H., No. 601069, female, aged 66. Patient had had 
a 30-year history of cholecystitis. Cholelithiasis had been 
diagnosed by x-ray examination and surgery had been ad- 
vised, but was refused. She was admitted 1 year later 
complaining of pain in the upper abdomen and in the back. 
This attack was of 25 days’ duration at the time of admis- 
sion. She had medical management for 8 days during which 
time she had barium by mouth upon 2 occasions. In the 
latter examination it was noted that there was a sponta- 
neous cholecystoduodenal fistula and that the gall stones 
were in the pelvis. They completely obstructed the flow of 
barium. There was distention of the small bowel by gas, 
and the patient was transferred to the surgical service. 
The patient was a very poor surgical risk; among other 
things, she had retained practically nothing by mouth for 
over 1 month. It was hoped that the stones would pass and 
the patient was treated conservatively with suction, para- 
enteral fluids, and hot packs. The distention was relieved 


trary, the obstruction is relieved satisfactorily 
and the patient survives for a reasonable 
period of time to die of the initial primary con- 
dition, such patients are omitted in the cal- 
culation of the “‘corrected mortality.” Inas- 
much as a few patients were obstructed more 
than once, both a patient and case mortality 
are listed. 
COMMENT 

Obstruction of the bowel embraces a large 
number of rather diverse pathological condi- 
tions which bring about similar end-effects. 
One of the surprising findings brought out in 
this review of the experience of this clinic in 
the treatment of acute bowel obstruction is 
how large a number of the patients exclusive 
of strangulated hernias, intussusception, and 
acute obstructions of the large bowel, have 
been treated entirely or primarily by suction. 
There have been a few glaring mistakes made 
(Group 1, A, deaths Nos. 7 and 8. Group 1, 


and the stones did move slightly the first few days. After 
that, however, they remained stationary and the obstruc- 
tion persisted, but was controlled by conservative manage- 
ment of alternating suction and feeding. The patient died 
on the fifty-fifth hospital day, the forty-seventh day on the 
surgical service. Autopsy revealed a cholecystoduodenal 
fistula and intestinal obstruction of a chronic nature due 
to impaction of a mass of gall stones. This mass could not 
be moved forward or backward in the bowel. Two sharp 
projections had perforated the bowel wall and there was 
localized peritonitis. When the mass of stones was re- 
moved, it could not be broken by moderately vigorous 
manipulation. There were impacted stones in the com- 
mon duct. 

10. E.C., No. 6155099, female, aged 52. The patient 
weighed 375 pounds. She had a ventral hernia of 20 years’ 
duration with a second defect of 10 years’ duration, the 
latter the result of an attempted repair of the former. The 
patient was admitted with a history of pain in the region 
of the hernias, abdominal pain of a cramp-like character, 
and nausea and vomiting for 6 days prior to admission. 
Examination of the abdomen revealed obesity, 2 ventral 
hernias filled with bowel from which gas could be ex- 
pressed. There was some tenderness over the hernias. 
There were no borborygmi noted at the acme of pain. The 
patient’s systolic blood pressure was 55 millimeters of 
mercury the day of admission. In spite of the possibility 
of strangulation, it was deemed advisable to treat the pa- 
tient conservatively. This was done. The patient expired 
on the third hospital day. At autopsy all the small intes- 
tine was found free in the peritoneal cavity proper. The 
hernias were filled with colon. Almost all the terminal 
ileum was strangulated with perforation of the anti-mesen- 
teric border in one spot. There were adhesions present, 
most of which were not related to the peritonitis found at 
autopsy. It was believed that strangulation had taken 
place in one of the hernial sacs and that the bowel had 
returned to the peritoneal cavity after death, judging from 
the findings at autopsy. 


C, death No. 6) in-extending the indications 
for suction.' When these cases are reviewed 
critically in the light of the significant evi- 
dence abstracted from the case records, it is 
only fair to say that the fault lay largely in 


1In the discussions of the Western Surgical Association for 1937 which 
have been printed since this paper was written is contained the suggestion 
that the so called conservative management of mechanical obstruction is 
expectans mortem treatment. And so it may well be, when applied to 
unsuitable cases. Yet, in the experience of this clinic, suction has proved 
a worth while adjunct as well as a valuable direct, single, therapeutic 
agent in the treatment of certain types of bowel obstruction. 

There have been no injuries noted in the pharynx, larynx, esophagus, 
or stomach of any of the patients reported in this series. One patient in 
the series had a dontenel tube down constantly for purposes of feeding 
or suction for 47 days (Group 1, A, death No. 10). Two patients have 
been observed at the University Hospital with injury to the arytenoid 
cartilages following prolonged intubation. One of these was our own 
patient. After drainage of the abscess the condition cleared quite satis- 
factorily. The other patient was admitted here with edema of the aryte- 
noid cartilages and larynx for which tracheotomy was done. He, too, 
recovered but with residual limitation of motion of one of the vocal 
cords. In the 7 years during which suction has been applied frequently 
to inlying duodenal tubes, probably more than 5,000 patients in this 
hospital have carried such ‘tubes for variable periods of time. 

The pathologists of the metropolitan area of the Twin Cities have 
been interrogated with reference to traumatic lesions from duodenal 
tubes at various times and none has been reported to us save an occa- 
sional small erosion of the gastric mucosa. Inasmuch as our patholegists 
do not examine routinely the nasopharynx, larynx, and upper reaches of 
the esophagus, it is of course not unlikely that i in this region, where such 
pressure effects are most likely to arise, several have escaped notice. 
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TABLE II.—GROUP 1.—THE SUCTION GROUP 


B. Patients decompressed by suction but operated upon subsequently because of demonstrated or conjectured 
_ persistence of obstructive mechanism 


Patients 


Corrected 

Per cent Unre- mortality 
mortality lated per cent 

deaths = 


Cases | Deaths 


Patient Case 


Patient | Case 








Pathology 
Adhesions 


Procedure 
Division of adhesive 
bands 

Enterolysis 
(pneumoperitoneum) 
(enterostomy) 


Adhesions 





Resection Adhesions about a former 
anastomosis; adhesions 
about terminal ileum; 
carcinoma of cecum 


5.9 5-9 

















E zploration only Tuberculous peritonitis 





Presacral neurectomy Spastic ileus 








Entero-anastomosis Stricture 





Stricture 


Enteroplasty 


Seen in other groups 











Seen subsequently ie Goeee GA. .oncccc cence 

Seen previously in Group 1A.. 

Three patients were morphine addicts. 
Deaths in Group 1B 


1. D.K., No. 616766, female, aged 32. This patient re- 
turned 3 days after having been successfully decompressed 
by suction. She had recurrence of symptoms and findings. 
There was 4 plus distention and loops of small bowel were 
palpable and visible. There was no tenderness or rigidity. 
The small bowel was completely decompressed by suction 
in 48 hours and suction was continued intermittently for 
36 hours more. Surgery had been advised following decom- 
pression during the former admission but was refused. 
Surgery was accepted this time and was carried out. On 


each instance with the observers who noted 
the findings accurately enough but who in- 
terpreted them badly. Patients like the 

referred to, who entered the hospital with a 
strangulating type of obstruction and who 
already had transudation of fluid into the 
peritoneal cavity, are less likely to have in- 
testinal colic as a prominent finding than are 
patients with simple obstruction. Yet, care- 
ful auscultation of the abdomen at the bedside 
over protracted periods of time has invariably, 
in the experience of the senior author of this 
paper, revealed recurrent intestinal gurgling. 
To be certain if the strangulation has been 
present for some time and if the patient has 
been heavily narcotized, intestinal colic is by 
no means a prominent feature and it is diffi- 
cult on this basis alone to decide that a stran- 
gulating obstruction is present. For even 


exploration no obstructive mechanism was found and the 
obstruction was believed to be spastic in nature. A pre- 
sacral neurectomy was done. This procedure was accom- 
panied by bleeding severe enough to warrant packing. The 
patient convalesced well for 4 days when she began to have 
fever. 

The patient died suddenly on the seventh post-opera- 
tive day following removal of packing. No autopsy was 
obtained, but pulmonary embolism was believed to be 
the cause of death. Exploration of the wound revealed no 
evidence of hemorrhage. 


patients with peritonitis of inflammatory ori- 
gin do have intestinal gurgling occasionally. 
Yet, the tell tale evidence of the history of gas 
pains and vomiting, the uniform presence of 
tenderness and the character of the gastric 
aspirations are extremely helpful. Another 
significant but less frequent occurrence is the 
unrelenting and unusually severe character 
of the pain which overshadows the earlier, 
intermittent, crampy pain. 

This study indicates that the differential 
criteria, which have been described to dis- 
tinguish simple and strangulating obstruc- 
tions, are reliable. It is to be admitted freely, 
however, that now and then due to increase 
of intraluminal pressure alone, the gut of sim- 
ple obstruction will weep, and fluid will tran- 
sude into the peritoneal cavity, giving rise to 
abdominal tenderness. In this series of cases 
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TABLE II.—GROUP 1.—THE SUCTION GROUP 
C. Patients in whom suction was unsuccessful in effecting decompression and in whom operation became necessary 


for satisfactory relief from acute obstruction 


Patients 


Corrected 
mortality 
per cent 


Per cent 


mortality Unre- 


lated 
deaths 


Cases | Deaths | _ 


Patient Case Patient Case 





Procedure 
Primary enterostomy— 
division of a few adhesions 


Pathology 
Adhesions 


38 


36.8 32.6 26.3 








Carcinoma 

Gall-stone 
impaction 

Hernia 





Primary division of adhe- 
sions with simultaneous 
enterostomy 


Adhesions 





Division of adhesions 
alone 


Adhesions 





Enterolysis 


Adhesions 





Entero-anastomosis 


Carcinoma 





Resection 


Adhesions 





Exteriorization 


Strangulation obstruction 
with gangrene 





Reduction of intussuscep- 


Intussusception 


tion 





Diaphragmatic hernioplasty Diaphragmatic hernia 





Exploration only Tuberculous peritonitis 





Obstruction complete 
Obstruction partial 





Seen twice in Group C 








Seen in other groups 





Seen previously in Group 1A 
Seen subsequently in Group 1A 
Seen previously in Group 2A 

















Classified also in Group 2 (deaths Nos. 9 and 10) 

















*Strangulation was present in one of the deaths (death No. 11). 


**One case (death No. g) had 2 enterostomies at 2 different times (classified as 1 enterostomy) 


tSee death No. 7. 


tDuring an enterostomy four days after reduction of intussusception, the patient (death No. 10) died. Peritonitis was present. The enterostomy 


was not completed 


Deaths in Group 1C 


The first 4 deaths are considered as unrelated to the 
obstruction. 

1. J.L., No. 646685, male, aged 54. This patient had 
been admitted 1 year before for probable alcoholic gastritis 
and enteritis and was treated conservatively. He was ad- 
mitted with a week’s history of vomiting, abdominal pain, 
and constipation. There was some small bowel distention 
which refused to clear up completely with long tube but 
was improved. Eleven days after admission, patient was 
explored with tentative diagnosis of chronic obstruction 
probably due to adhesions following an old appendectomy. 
Tuberculous peritonitis was found and biopsied. He died 
13 days later of tuberculous peritonitis, atypical fibroid 
pulmonary tuberculosis with miliary nodules, and hypo- 
static pneumonia. 

2. H.W., No. 646386, male, aged 37. This patient had 
a chronic history of over 3 weeks’ duration of intestinal 
obstruction with a gastro-intestinal study having been done 
outside. He was treated 6 days with suction with no relief. 


The abdomen was explored and metastatic carcinoma was 
found. Enterostomy was done. The patient improved, 
then obstruction recurred and 1o days later a permanent 
ileostomy was done, 9 days after which the patient died. 
No autopsy was obtained. 

. G.S., No. 664482, female, aged 64. This patient was 
discharged from gynecological service 1 month before ad- 
mission. At that time she had carcinoma of the ovary with 
metastases and had had surgery. Symptoms of obstruction 
present upon second admission were not relieved entirely 
by duodenal tube well into jejunum, so enterostomy was 
done 6 days after admission. Patient died 55 days later of 
carcinomatosis and cachexia. No distention was present 
at death. 

4. LF., No. 608342, female, aged 30. Patient had had 
radiation therapy for carcinoma of the cervix 1 year before 
admission. She was admitted with signs of pelvic peritoni- 
tis and obstruction, with cramp-like pain, and borborygmi 
present. Conservative treatment relieved the pain but dis- 
tention was not completely relieved so enterostomy was 
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done 8 days later. The patient continued her febrile course 
and died 14 days later. Autopsy revealed that the carci- 
noma had perforated into the rectum causing the peritonitis. 

The following deaths were related to obstruction. 

5. C.W., No. 654754, male, aged 59. Onset of symp- 
toms of obstruction occurred 5 days before admission. 
There were no previous operations; patient was struck in 
the abdomen by a baseball many years before. A similar 
attack occurred 8 years before. The bowel was partially 
decompressed by suction (tube in duodenum next day). 
X-ray third and fourth days showed increased distention 
and the tube in the stomach, no gas in the colon, so the 
patient was explored (fourth day). Tenderness was not 
noted. Bowel was too distended for exploration so en- 
terostomy was done. Patient had 2 attacks of acute dila- 
tation of the stomach. He died the ninth postoperative 
day of peritonitis, atelectasis, and hydrothorax. Autopsy 
showed obstruction to be due to an adhesive band 16 inches 
below the enterostomy. Exploration rather than “blind 
enterostomy” would have obviated outcome. 

6. M.S., No. 663126, female, aged 56. The patient was 
admitted with a 36 hour history of cramp-like abdominal 
pain and constipation with similar attacks over the pre- 
ceding few years. The abdomen was very tender and dis- 
tended at the time of admission; there was no rectal tender- 
ness. Temperature 100 degrees, pulse 126, respiration 20. 
She was treated conservatively. The next morning (14 
hours after admission) temperature was 103.4(R); pulse, 
140; respirations, 22; and abdomen was tender. Explora- 
tion (2 hours’ duration) revealed strangulation of the distal 
6 feet of ileum by an adhesive band across the mesentery. 
Bowel could not be exteriorized because cecum would not 
deliver, so the distal end was resected and the cecum 
dropped back and the ileum was brought out with a Payr 
clamp and an enterostomy was done on the exteriorized 
ileum. Patient died 12 hours later. The temperature had 
risen to 106, patient was cyanotic and gasping for breath. 
Ten minutes before death much fluid was aspirated from 
trachea and pharynx. Autopsy was refused. Prolonged 
operative procedure contributed materially to outcome. 

7. E.M., No. 601383, female, aged 13. This patient had 
had appendectomy for ruptured appendix and 18 days 
later she developed obstruction and an enterostomy was 
done. She was discharged in satisfactory condition. Three 
weeks later she was admitted with strangulation obstruc- 
tion due to adhesive bands which were divided and an 
enterostomy was done. Convalescence was satisfactory 
and pneumoperitoneum was done g days later. Sixteen 
days after enterostomy the obstruction recurred. Conserv- 
ative treatment was carried on for 24 hours but the abdo- 
men remained tender and rigid, so patient was explored at 
which time no obstruction was found. There was fibrin on 
the peritoneum and loops of bowel were adherent to each 
other. Enterolysis was done. The patient developed a 
gangrenous wound infection with a doubtful positive culture 
for gas bacillus and died the second postoperative day. 

8. O.N., No. 605195, male, aged 52. The patient pre- 
sented a 3 weeks’ history of cramp-like abdominal pain, 
vomiting, and constipation and had lost 25 pounds in 
weight. He was followed 2 days in the Out-patient De- 
partment, where he was thought to be a psychoneurotic. 
He was transferred to surgery the day after admission with 
complete decompression accomplished in 3 days, but the 
obstruction recurred after ingestion of fluid, and.so the 
patient was explored 6 days after admission. The obstruc- 
tion was found and was thought to be due to carcinoma, 
inflammation, or foreign body in the terminal ileum. In 
attempting to free it up, the bowel was accidentally per- 
forated with resultant spillage. Enterostomy was done. 
The patient died of peritonitis and bronchopneumonia 6 


days later. Simple enterostomy would have avoided this 
unfortunate occurrence. 

No. 633028, male, aged 57. The patient was 
admitted with a one week’s ‘history. a distention, occa- 
sional abdominal pain (crampy), and constipation. There 
was an incisional hernia of 8 years’ duration, partially re- 
ducible. X-ray examination revealed distention of bowel. 
He was given 24 hours of conservative treatment with 
decrease in distention of bowel. Under local anesthesia a 
needle, then a trochar, then a catheter were inserted into 
the bowel in the hernial sac and purse-string sutures were 
taken about the catheter. No relief was obtained by this 
combined with suction. Five days later an enterostomy 
was done. The patient died the next day with a picture of 
circulatory collapse. Autopsy was done and revealed gan- 
grenous small bowel and hepatic flexure with perforation 
of both in the hernial sac. Enterostomy on strangulated 
segment failed to relieve because of presence of hernia 
“en W” (de Beule). 

10. L.C., No. 610990, female, aged 27. The patient 
spoke only Mexican and was 4 to 5 months pregnant. 
History was of cramp-like abdominal pain and vomiting 
of 3 days’ duration. Suction was instituted and fluids were 
given. After 24 hours, rebound tenderness appeared; dis- 
tention had not decreased. The abdomen was explored and 
an enteric intussusception was reduced. Cultures taken at 
time of reduction showed peritonitis to be present. Suction 
was continued. Patient did not improve appreciably and 
4 days later became more distended. An enterostomy 
under local anesthesia, supplemented by~ethylene, was 
attempted; patient died suddenly on the table. Peritonitis 
was present and was the cause of death. There was active 
tuberculosis in both apices at autopsy. No perforation was 
found but bowel wall was thinner than normal and the 
mucosa was ulcerated. 

. J.D., No. 627736, male, aged 34. The patient was 
admitted 7 months after appendectomy for ruptured 
appendix. The history was: 16 hours of crampy ab- 
dominal pain, nausea, and obstipation of sudden onset. 
Examination of the abdomen revealed tenderness, no peri- 
staltic rushes, and no distention of note. Conservative 
treatment was employed without ‘relief for 2 days when 
rebound tenderness appeared. Patient was explored and 
strangulation obstruction due to adhesive bands was found 
and some (but not all) of bands were freed and an enter- 
ostomy was done. Patient died 40 hours later with gas 
bacillus infection of right chest wall (jaundiced). Autopsy 
revealed gas bacillus infection, peritonitis, and strangula- 
tion obstruction of lower 8 to 1o feet of ileum, caused by 
an adhesive band across the mesentery. The discovery of 
the strangulation mechanism entailed 45 minutes of search- 
ing at autopsy. 

12. E.C., No. 624770, female, aged 60. Seventeen days 
prior to admission the patient had black stools and was 
placed on a milk and cream diet. Four days later she felt 
ill and had abdominal cramps. She ate no food for 3 days 
when she resumed her diet. Distention along with inter- 
mittent pain was noted a week prior to admission. Dis- 
tention continued to the time of admission. Two days 
before admission an enema was given with no results. Ab- 
domen was distended; there was no tenderness or borbo- 
rygmi. Diagnosis was probable spastic ileus. Conservative 
treatment was employed for 24 hours without relief. Duo- 
denal tube would not enter duodenum even with the fluoro- 
scope as a guide. Abdomen was explored under spinal 
anesthesia and gas was found in the colon. No obstruction 
was found but sterile fluid was present. Enterostomy was 
done. (At the time of admission there was no elevation of 
white blood count, hemoglobin reported 65 per cent and 
49 per cent.) Patient died 4 days later. Autopsy revealed 
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a mass of white stool in the sigmoid colon with perforation, 
hemorrhage, and beginning peritonitis. No obstruction 
was found but there was ileus. Acute duodenal ulcer and 
atelectasis of both lower lobes were found. This was in all 
probability a case of spastic ileus of the colon with per- 
foration. 

13. J.A., No. 643016, male, aged 73. This patient pre- 
sented a 9 day history of obstruction. There was a 4 plus 
distention. He was treated conservatively for 17 days 
with no improvement, so was explored. Cholecystenteric 
fistula with gall-stone impaction in the terminal ileum was 
found. The gall stone was removed and enterostomy was 
done. Spinal anesthesia was used and resuscitation was 
necessary at the completion of the operation. He died sud- 
denly the evening of operation, apparently a delayed spinal 
anesthesia death. See also below Table IV, Case 2.1 


'For more than 4 years now inhalation anesthesia has been employed 
in all operations for acute intestinal obstruction save in a few instances 


there have been quite a number in which this 
occurrence was observed during the course of 
suction treatment. As soon as tenderness 
supervenes (which should be looked for by 
experienced examiners every 4 to 6 hours), 
operation should be done. No deaths occurred 
in such cases in this series and no disappoint- 
ment was felt in failing to find a strangulating 
type of obstruction. The only reason that has 
been justified for treating patients with acute 
obstruction of the small bowel presenting 
abdominal tenderness conservatively has been 
repeated obstruction in the same patient.’ 
A few such patients appear in this series, 
none of whom came to harm through this 
apparent unwarranted departure from estab- 
lished procedure. The only defense for this 
seeming liberty is the anxiety of the surgeon 
to postpone operation in such instances until 
the more complete operation of enterolysis 
can be done in an unobstructive phase. The 
persistence of tenderness in such instances, 
however, indicates that operation is in order, 
an occurrence which has urged operative in- 
tervention occasionally in this type of case. 

It is not as easy to define exactly the contra- 
indications for continuance of suction or the 
criteria which suggest necessity for operation 
in simple acute obstruction of the small intes- 
tine as it is for strangulating obstructions or 
acute occlusion of the colon with great disten- 
tion. Disappearance of gaseous distention of 
the small intestine and reappearance of gas in 

*Two female patients with plastic pelvic masses, which caused pro- 
tracted intestinal obstruction, were treated successfully by inducing 
hyperpyrexia in a fever chamber, suction being maintained over long 


periods to an indwelling duodenal tube. rative intervention in such 
instances not uncommonly extends the peritoneal infection. 


14. M.F., No. 611402, male, 22. This patient had 
cramp-like abdominal pain, nausea, and vomiting for 4 
days prior to admission. Appendectomy (drained) had 
been done 1 year before. Abdomen was 3 plus distended 
and there was some rebound tenderness. He was treated 
conservatively for 2 days and the tube was in the duode- 
num; bowel was partially decompressed. His temperature 
had risen to 101 degrees F., and there was some rebound 
tenderness. No gas was in the colon as determined by 
x-ray examination. The abdomen was explored and a loop 
of small bowel was found pinched off by an adhesion, but 
the blood supply was satisfactory. Spillage occurred in 
dividing the adhesion. The perforation was sutured and 
an enterostomy was done. The patient died 3 days later 
of peritonitis. 
in which local infiltration with procaine was employed. The patient’s 


stomach is evacuated with an inlying duodenal tube before as well 
as during operation. 


the colon (in complete obstruction) herald a 
successful issue. The consideration which 
must be kept in mind always is that the longer 
suction is continued, the greater hazard to 
the patient if suction fails. The importance 
of effecting a happy compromise between 
achieving decompression by suction within a 
reasonable period or resorting to operative 
relief is, therefore, the wisest rule to follow. 
Postponed operations will mean operations of 
necessity (enterostomy) rather than opera- 
tions of election. Yet, our own experience 
with enterostomy in late, adhesive, non- 
strangulating obstructions has been satis- 
factory (Table III). 


DUODENAL INTUBATION 


Our practice has been to introduce the 
catheter into the stomach. Suction is then 
applied and the patient is placed in various 
positions until it is reasonably certain that 
the stomach has been evacuated. The source 
of suction is then temporarily cut off, the pa- 
tient is requested to drink a glass of water and 
is placed in the lateral decubitus with the 
right side down. The duodenal tube is ad- 
vanced about an inch every 5 minutes. After 
about 30 minutes the cut-off on the suction is 
released and if the intestinal distention has 
not been great enough to divert the course of 
the tube, it is observed usually that bile is 
aspirated. It is a good plan at this juncture 
to fluoroscope the patient or take a bedside 
film to check on the position of the tube. In 
the main, this method has been quite as suc- 
cessful for the catheterization of the pyloric 
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TABLE IV.— 


Patients 


GROUP 2.—PATIENTS TREATED BY IMMEDIATE OPERATION 
A. . eS obstructions 





Corrected 
mortality 
lated per cent 

deaths 


; Per cent 
Cases | Deaths mortality 





Patient Case Patient Case 





40 " 20 16.6 





Pathology 
Adhesions 


Procedure 
Enterostomy 





Strangulation due to ad- 
hesions 


Exteriorization 








Enteroplasty Stricture 








One patient was later seen in Group C. 


























Deaths in Group 2A 


Death No. 1 is considered as unrelated to the obstruction. 

1. A.H., No. 59706, female, aged 74. Patient had a long 
history of constipation and diarrhea. She had had rather 
severe lower abdominal pain, obstipation, and vomiting for 
11 days before admission. Examination revealed marked 
distention of the abdomen with rebound tenderness in the 
lower abdomen. A hard nodular mass was palpable per 
rectum. The abdomen was explored and the ileum was 
found obstructed by adhesions about a mass in the pelvis. 
Enterostomy was done. The patient had a stormy course 
and died the eighth postoperative day of pelvic peritonitis 
due to perforation of a sigmoid diverticulum. 

The following deaths were related to obstruction. 

2. A.P., No. 613507, female, aged 69. This patient had 
acute crampy, colicky abdominal pain of 36 hours’ 
duration. Examination upon admission revealed abdomi- 
nal rigidity with marked lower abdominal tenderness. A 
diagnosis of intra-abdominal strangulation was made and 


outlet as has introduction of the tube by 
fluoroscopic visualization. In the presence of 
great distention it may be difficult or impossi- 
ble to get beyond the pyloric sphincter by any 
method. 


THE DEMANDS OF SUCTION TREATMENT 


The observations which it is necessary to 
make during the course of conservative 
decompression of instances of mechanical 
obstruction of the small bowel have been 
repeated so often that they will merely be 
enumerated here. The importance of roent- 
genographic, check-up, scout films of the 
abdomen cannot be overestimated. If the in- 
crements of swallowed air and fluid dumped 
in at the upper reaches of the gut are being 
withdrawn through the agency of an inlying 
duodenal tube, even if there be no satisfac- 
tory reduction of the existing distention, the 
patient often will cease to complain of pain 
because there is no accretion of distention. 


the patient was operated upon immediately. Spinal anes- 
thesia was used. The patient was somewhat cyanotic at 
the time of operation and the systolic blood pressure was 
80 millimeters of mercury. About 3 feet of strangulated, 
small bowel were exteriorized and resected. Strangulation 
was caused by an adhesive band secondary to an old her- 
nioplasty. The patient stopped breathing and became 
comatose during the operation. Resuscitation measures 
and acacia and blood were given and the patient left the 
operating room in fair condition. The patient did not re- 
spond following surgery and never regained consciousness; 
blood pressure and pulse, however, were satisfactory. She 
died the second postoperative day. Autopsy revealed pul- 
monary atelectasis and congestion and some injection of 
the peritoneal surfaces. Cultures of the abdominal fluid 
taken at the time of operation were positive for Bacillus 
coli. The immediate cause of death obviously was the re- 
action attending employment of spinal anesthesia, similar 
to case No. 643016. 


It is decidedly unsafe, therefore, to employ 
suction without periodic check-up films. Usu- 
ally a film every 12 hours will suffice, but in 
an occasional case a film may have to be 
taken every 4 to 6 hours, while it is being 
decided whether operative interference will 
be necessary. Patients treated for mechanical 
obstruction are given no narcotics. Hot, 
moist packs, however, are applied over the 
abdomen. 

It would appear needless to remark that a 
liberal para-oral administration of saline solu- 
tion is in order in all patients with acute bowel 
obstruction in which the fluid loss item has 
been great. That it is even more important 
when suction is employed as a therapeutic 
agent is self evident. Yet, the experience of 
seeing patients inadequately hydrated in con- 
sultation suggests that this consideration is 
not given the attention which it merits. Care- 
ful daily determination of the fluid loss (gas- 
tric aspirations) and urinary output are more 
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TABLE V.—GROUP 2.—PATIENTS TREATED BY IMMEDIATE OPERATION 
B. ae or incarcerated hernias 


Patients 


Corrected 
nae Unre- mortality 
lated per cent 


Deaths 


Patient Case 


Patient Case 


deaths 











Incarcerated hernias 





Strangulated hernias 








Procedure done in cases of strangulation: 
Simple reduction and hernioplasty 








Suturing over small gangrenous area 








Suturing over small gangrenous area and enterostomy 








Exteriorization 





Enterostomy 








"e onservative therapy using suction 








Fe aad hernias 








Inguinal hernias 





Incisional hernias 





Diaphragmatic hernias 








He rnias of Richter’s type 

Seen twice in Group 2B 

Also classified in Group 1C (one of which 
s death No. 9 

Also classified i in Group 1A (death No. 8) 























Deaths in Group 2B 


All deaths are considered as related to the obstruction. 

1. A.R., No. 663930, female, aged 55. Patient had a 
24 hour history of vomiting and of pain in an incisional 
hernia which she was unable to reduce. At the time of 
admission her systolic blood pressure was 80 millimeters 
of mercury and bronchopneumonia was present. She was 
given a blood transfusion and intravenous fluids before 
operation. Slight cyanosis was present when the opera- 
tion was begun. The strangulated ileum was reduced and 
the normal color of the bowel returned. The patient was 
placed in an oxygen tent after operation and a blood trans- 
fusion and parenteral fluids were given. She improved 
temporarily, but died the evening of operation. Autopsy 
showed hypertensive heart with dilation of the right ven- 
tricle, edema of the lungs, and bronchopneumonia. 

2. C.W., No. 632311, female, aged 53. Patient had an 
incisional hernia which had been incarcerated for 1 month. 
She had had pain, nausea, and vomiting for several days 
before admission. At operation there was gangrene of 15 
centimeters of ileum; perforation had occurred and the 
gangrenous bowel was exteriorized and an enterostomy was 
done on the proximal loop. She died 21 days after opera- 
tion of sepsis following parotid abscess, submental abscess, 
and wound infection. 

3. M.D., No. 640364, female, aged 51. This patient 
had a femoral hernia which had been incarcerated for 3 
days before admission. At operation the bowel was stran- 
gulated, but was thought to be viable. The patient died 
the day following operation of peritonitis, atelectasis, and 
bronchopneumonia. No perforation was found at autopsy, 
mo ae were small areas of focal necrosis of the bowel 
wall. 

J.B., No. 663086, female, aged 47. Patient had had 
4 abdominal operations, 3 of which were for intestinal ob- 


struction. She had had abdominal pain and vomiting for 
7 hours before surgery. She had an incisional hernia in 
which the ileum was incarcerated. Two feet of the ileum 
were gangrenous; strangulation was caused by an adhesive 
band in the hernial sac. The gangrenous bowel was exte- 
riorized. Convalescence was stormy but satisfactory until 
the seventh day when the patient’s temperature and pulse 
rose very high and she expired. Autopsy examination done 
through the operative incision did not reveal enough peri- 
tonitis to warrant death; the immediate cause of death was 
thought to be bronchopneumonia. 

5. J.R., No. 651256, female, aged 76. Patient had a 
strangulated incisional hernia. The hernia was surgically 
reduced and an enterostomy was done proximal to the 
strangulated segments of bowel. Auricular fibrillation was 
noted the second postoperative day. Death was due to 
cardiac failure (left and right) and bronchopneumonia oc- 
curred the fifth postoperative day. 

6. J.T., No. 659832, male, aged 67. This man spoke no 
English. According to the history obtained, the patient 
was stepped on by a cow 5 days prior to admission. An 
incarcerated inguinal hernia was present and the patient 
was in a state of shock. Eight hours were spent combating 
the shock. At operation the bowel was found to be stran- 
gulated and perforated and peritonitis was present. He 
died on the first postoperative day. 

7. N.J., No. 654542, female, aged 64. This patient had 
a femoral hernia with strangulation and gangrene of a loop 
of ileum and a Meckel’s diverticulum. The loop was exte- 
riorized. The patient died the fifth postoperative day of 
peritonitis and pulmonary atelectasis. 

8. See Group 1A, death No. 10, in which the patient 
had 2 ventral hernias. 

9. See Group 1C, death No. 9, a case in which enteros- 
tomy on strangulated segment failed. 
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TABLE VI.—GROUP 2.—PATIENTS TREATED BY IMMEDIATE OPERATION 
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*(Case of rectosigmoid intussusception) 


Reduction by barium enema was attempted in ro cases. The intussusception was partially reduced in 8 cases. In one of these, reduction was 
found to be complete at the time of operation. In another case, reduction was complete several times, but the intussusception recurred each time 


and reduction was done surgically. 
Meckel’s diverticulum was present in 2 cases. 
One case (death No. 6) is also classified in Group C. 


Deaths in Group 2C 

All deaths are considered as related to the obstruction. 

1. B.B.M., No. 63576, male, aged 4 months. This child 
had a typical history and findings of intussusception with a 
mass palpable both abdominally and rectally. He was op- 
erated upon immediately after admission, within 24 hours 
of onset. A colicocolic and an ileocecal intussusception 
were both readily reduced. The patient had a rather 
stormy course, the basis for which did not appear to be in 
the abdomen or chest. He died the seventeenth postopera- 
tive day of bronchopneumonia and mastoiditis. There was 
no peritonitis. 

2. B.R., No. 60961, female, aged 4 months. The patient 
was breast fed for 24 months and was then given feedings 
of boiled, whole cow’s milk, half and half, with a 1oc per 
cent carbohydrate syrup. About a week later the child 
developed diarrhea, vomiting, and fever and had lost 6 
pounds at the time of admission, 5 weeks after onset of 
symptoms. The baby showed marked signs of recent weight 
loss and was febrile. She was treated on the pediatric serv- 
ice as a case of nutritional disturbance and otitis media. 
Five days after admission bloody stools were noted. The 
next day they were again noted; the abdomen was dis- 
tended, but the child showed no sign of pain. Tenderness 
was not elicited. A mass was felt per rectum and the pa- 
tient was operated upon. Death occurred as the perito- 
neum was opened. An ileocecal intussusception was found. 
Had the child lived, entercolic anastomosis would have been 
necessary because of gangrene. The intussusception seemed 
to have been present about 3 to 4 days. 

3. M.T., No. 60613, female, aged 6 months. This pa- 
tient had a 40 hour history of intussusception which was 
reduced by surgery shortly after admission. About 2 inches 


significant than the tallying of the pulse rate 
and the recording of the temperature. When 
will these items be recorded on the face sheet 
of all hospital records for the orientation of 
the surgeon? Orr has lent particular con- 
sideration to the fluid requirements of patients 
with bowel obstruction. Coller and his asso- 
ciates have defined the fluid requirements of 


of terminal ileum and cecum were blue after reduction, but 
resection was deemed inadvisable. The child died 16 days 
after operation of perforation of the cecum with localized 
peritonitis, bilateral otitis media, wound infection, and 
bronchopneumonia. 

4. M.T., No. 637450, female, aged 2 years. A rather 
typical history of intussusception had been present for 36 
hours before the patient was admitted. Physical findings 
were typical. Surgery was done immediately. An ileocolic 
intussusception was found; this could not be reduced, so 
an ileocolostomy was done. The postoperative course was 
very stormy for 7 days, at which time the patient’s tem- 
perature fell to 100 degrees F. The ninth postoperative day 
the patient eviscerated; the two eviscerated loops of bowel 
were replaced and the wound was taped. The patient died 
of peritonitis the twelfth postoperative day. At autopsy 
the non-reducible ileum was gangrenous. 

5. C.M., No. 651505, male, aged 12 years. This boy had 
an 18-hour history of cramp-like, colicky, abdominal pain 
and vomiting. Upon admission, a mass was palpable in the 
right lower quadrant of the abdomen. This was palpable 
rectally. The mass was quite tender, but there was no ten- 
derness elsewhere. The abdomen was silent. The patient 
was operated upon without delay. The pre-operative diag- 
nosis was intussusception, volvulus, or intra-abdominal 
hernia. A compound enteric intussusception was found; 
this was partially reduced when the patient’s blood pressure 
suddenly became unobtainable. The patient had been re- 
ceiving intravenous fluid during the entire procedure. Blood 
was given, and the involved bowel was quickly exteriorized, 
but resuscitation measures failed. 

6. L.C., No. 610990, female, aged 27 (See death No. 10, 
Group 1C). 


surgical patients of all types. An excellent 
review of this aspect of the problem incorpo- 
rating the practice of the Ann Arbor group 
has been made by Bartlett, Bingham, and 
Pedersen, which is deserving of careful study. 
In our clinic enough fluid has been given para- 
enterally to patients with obstruction to pro- 
vide 800 to 1000 cubic centimeters of urine 
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TABLE VII.—GROUP 3.—MISCELLANEOUS GROUP—NO THERAPY DIRECTED AT RELIEF 
OF OBSTRUCTION 


Patients moribund or dead on arrival at the ward; the obstruction had righted itself spontaneously; or presence 
of obstruction was not recognized 


Patients 


Corrected 
mortality 
per cent 


Per cent | tis | 
mortality | a 
9 | lated 
| deaths 


Cases | Deaths | 


Patient | Case 





Pat hology 
Adhesions 














~ Hernias 





Carcinoma* 








Mesenteric embolism 





*The patient who had probable carcinoma refused surgery and was discharged against advice. 


Deaths in Group 3 

Death No. 1 is considered as unrelated to the obstruction. 

1. M.C., No. 650106, male, aged 47. This patient died 
6 days after pneumonectomy for carcinoma of the lung. 
Small bowel obstruction (not strangulated) was found at 
autopsy. 

The following deaths were related to the obstruction. 

2. J.R., No. 64679, male, aged 56. The patient had a 
36 hour history of prostration and emesis of fecal charac- 
ter. He expired while being transported tc the ward. 
Autopsy revealed complete obstruction of the ileum by 
adhesions and acute dilatation of the stomach. The cause 
of death was hypochloremia. 

3. E.L., No. 648123, female, aged 52. This patient was 
admitted after 3 days of vomiting, and diagnosis of stran- 
gulated inquinal hernia was made. The patient was in a 
state of profound shock at the time of admission. The 
shock was combatted unsuccessfully and the patient died 
24 hours after admission. At autopsy strangulation was 
revealed. 

4. H.N., No. 660199, female, aged 56. This woman had 
a 10 months’ history of ascites; paracentesis had been done 
4 times. Four months before admission the patient noted 
a persistent abdominal mass. She experienced sudden pain 


daily in which the presence of sodium chloride 
can be demonstrated. 

The treatment of intestinal distention no 
matter what the cause should be passive as 
far as the patient is concerned. The adminis- 
tration of drugs which enhance peristaltic 
activity is out of place in the management of 
mechanical obstructions, so also in physio- 
logical types of ileus due to intestinal paresis. 
The latter type of case without exception has 
been treated solely by suction in this clinic 
for over 7 years, and the number of instances 
in which suction has been unsuccessful has 
been very small. 

It was for the relief of this type of disten- 
tion that Ward (26, 27) suggested and em- 


J 


in the abdomen and was brought to the hospital in an apa- 
thetic, comatose state, suggesting cerebral accident; an in- 
carcerated ventral hernia was present. The patient’s con- 
dition was- considered too poor for surgery. She expired 
the third hospital day. Autopsy showed cirrhosis of the 
liver and strangulated incisional hernia. 

5. J.P., No. 668085, male, aged 69. The patient had an 
incisional hernia and within the year prior to admission had 
2 bouts of vomiting and abdominal pain. A third attack 
appeared and the patient was sent to the University Hospi- 
tals. While on the way he vomited and expired immedi- 
ately. He was dead upon arrival. Autopsy revealed aspi- 
ration asphyxia and a strangulated incisional hernia. 

6. E.W., No. 669216, female, aged 58. This patient had 
known rheumatic valvular heart disease. She had had in- 
termittent attacks of abdominal pain questionably related 
to intake of foods. Two wecks before admission she vom- 
ited several times. Three days prior to admission she be- 
came comatose. A diagnosis of mesenteric embolism was 
made upon admission. She expired the day after admission 
and an auricular mural thrombus with embolism of the 
superior mesenteric artery and infarction of the small in- 
testine and right half of the colon were found at autopsy. 
Peritonitis was generalized. 


ployed suction in 1925. It seems now not a 
little unusual that it required the demonstra- 
tion of the efficacy of suction in the manage- 
ment of mechanical obstruction to lend the 
propelling impetus to the general adoption of 
this mode of management for physiological 
distentions. The story of the use of the 
duodenal tube in the relief of intestinal dis- 
tention has been told very interestingly by 
Paine (16). 

The advent of the double lumen tube (1, 9) 
with the balloon at the tip to facilitate migra- 
tion down the gut, once the duodenum has 
been entered, will pyramid undoubtedly the 
usefulness of suction in such cases. Another 
increasingly important use of the Miller- 
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Abbott type of tube will be found to be in the 
identification of unobstructive lesions of the 
small bowel. The experience of this clinic 
with a tube of double lumen extends back to 
1932, but the excellent suggestion of Miller, 
Abbott, and Johnston to employ an inflatable 
balloon in conjunction therewith has been 
tried only during the last 6 months covered by 
this period of study. One of us (Dr. Baxter 
A. Smith) has during this period of time been 
trying to evaluate the comparative merits of 
the usual duodenal tube with the balloon 
type of double lumen tube. In Table IX the 
experiences with mechanical obstructions and 
a few other types of cases are summarized 
briefly. Although our experience, in the main, 
with the double lumen tube has been reassur- 
ing, it has not yet been extensive enough to 
establish valid comparisons. It would appear 
unsettled and somewhat doubtful if the in- 
dications for conservative decompression in 
mechanical obstruction were to be extended 
materially by use of the tube of the Miller- 
Abbott type beyond those outlined by the 
senior author in 1931 (18). 

Instances of colonic obstruction in which 
distention of the large bowel is not great may 
probably be decompressed more often by the 
entry of such a tube into the cecum. Yet, 
during the time of this study (not included in 
this series, for suction in the management of 
mechanical obstruction concerns essentially 
the small bowel) 6 patients with acute colonic 
obstruction with lesser grades of distention 
were treated successfully by suction alone, a 
direct surgical attack being made later on the 
obstructing mechanism. Einhorn, McClendon 
(10, 11), van der Reis and Schembra have 
succeeded in passing the ordinary duodenal 
tube down into the lower reaches of the 
bowel. Though we have frequently been suc- 
cessful in pushing the usual duodenal tube 
well into the obstructed small intestine, its 
progression beyond the pyloric sphincter is 
slow as contrasted with the balloon type of 
tube. 


OTHER AUXILIARY CONSERVATIVE TREATMENT 


The work of Fine and his associates has 
established the value of oxygen in the treat- 
ment of intestinal distention. Unless used in 
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combination with suction, however, the 
method probably has little worth. Suction 
is so much more a direct approach to the 
problem of relieving the distention of me- 
chanical intestinal obstruction, that the 
administration of oxygen in high concentra- 
tion is probably only of secondary import. In 
inhibition (paralytic) types of ileus, it has a 
much more proper indication. 

The administration of blood to patients 
with strangulating types of obstruction in 
whom the blood loss factor may be great is 
mandatory and has not been used enough 
even in this series as is indicated by this 
critical review of our own experience. Death 
No. 5 in Table VI (intussusception) was due 
undoubtedly to failure to replace blood by 
transfusion and in death No. 2 it was an 
important though somewhat less significant 
item in the light of the antecedent history. It 
is also likely that transfusion of blood would 
be a helpful therapeutic measure in all simple 
obstructions accompanied by transudation of 
fluid into the peritoneal cavity, even though 
the protein content of such fluid is low.' 


SPECIAL LESSONS TAUGHT BY THIS METHOD 


Apart from failure to recognize strangulat- 
ing obstructions, which have been described 
above as a pitfall of the conservative manage- 
ment of acute obstruction of the small intes- 
tine, and failure to transfuse patients ade- 
quately with strangulating types of obstruc- 
tion, the most startling observation revealed 
by this study is the great risk run by patients 
with strangulated, incisional hernias. The 
necessity for operating on such patients needs 
no emphasis. In this series one feeble, obese 
patient was treated unsuccessfully by suction 
alone (Table I, death No. 10). Another was 
temporized with for 24 hours and then an 
enterostomy was made on a loop of gut in one 
of the sacs in the abdominal wall which was 
also a futile gesture (Table III, death No. g). 
Many of these patients are marked for death 
on entry to the hospital. Most of us, unfor- 

1In patients with high grade intestinal distention an increase of 
venous pressure in the veins of the lower extremity can be demon- 
strated usually. The circulation time is slowed also. In experimentally 
established distentions in the dog it was observed that the venous 
pressure in the saphenous vein was increased considerably more than 
in the vena cava. The portal venous pressure was decreased. A com 


mensurate slowing of the circulation time in the lower extremity was 
observed also. (C. J. Bellis and O. H. Wangensteen. Unpublished data 
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tunately, decline to operate on many of these 
patients with formidable, incisional hernias 
when they are unobstructed. Grave as the 
situation appears, this study would indicate 
that all patients with strangulated, incisional 
hernias should be operated on at once, the dis- 
couraging magnitude of the undertaking in a 
seriously ill patient to the contrary notwith- 
standing.’ 

In this series there is one strangulated in- 
ternal hernia (diaphragmatic—pleuroperito- 
neal hiatus) treated conservatively for a period 
somewhat longer than 12 hours, during which 
time suction improved the respiratory embar- 
rassment considerably. It is our opinion that 
suction is of more value than preliminary 
phrenicectomy as suggested by Harrington 
(6, 7) in preparing the patient for operation 
and in minimizing compromise of the blood 
supply of the strangulated gut. Placement of 
the patient in various positions to prevent 
aspiration of the gas and fluid trapped in the 
stomach above the diaphragm is usually 
important. In the instance of a complete dia- 
phragmatic rupture observed and successfully 
treated since June 1 of this year, preliminary 
suction was a helpful agent in diminishing 
dyspnea and cyanosis as well as distention 
before operation. There probably is more 
justification for treating an internal obstructed 
hernia conservatively for a few hours before 
operation than an external hernia in which 
the strangulating agent is less yielding. 

Another feature brought out by this study, 
to which allusion has been made on previous 
occasions, is the infrequency with which early 
postoperative obstructions occur after ab- 
dominal operation when suction is used pro- 
phylactically to obviate intestinal distention, 
a practice of this clinic, the continuance of 
which this review justifies. 

In patients with simple obstruction due to 
adhesions not decompressed satisfactorily by 
suction, enterostomy is still the operation of 
choice. The findings of our study support 
this contention. -In a group of 20 such pa- 
tients—and these represent the worst types 
of simple obstruction caused by adhesions— 
suction failed and enterostomy was done. 


1 Division of the constricting bands without repair of the hernia would 
appear to be the procedure of choice. 


TABLE VIII.—SUMMARY OF MORTALITY OF 
ACUTE MECHANICAL OBSTRUCTION OF SMALL 
INTESTINE. 








No. of deaths 
related to 
obstruction 


Mortality 


No. of deaths per cent 





Pa- Pa- 


Pa- 
tients | Cases | tients | Cases | tients | Cases 





All treated cases 156 190 28 28 








17.9 | 14.7 





ricwes 


83 | 5 5 7.8 6.0 


Allcases treated by suction| 96 15.6 | 11.9 





Cases decompressed by 
suction 
(Group 1, A and B) 











| 64 





There were 2 deaths, both due to the limita- 
tions of ‘‘blind enterostomy.”’ In one (Table 
III, death No. 2) a complicated, strangulating 
type of mechanism was uncovered at autopsy; 
in the other (Table III, death No. 5) a single 
adhesive band had brought about compres- 
sion necrosis of the gut. Simple division of it 
undoubtedly would have obviated this oc- 
currence. Yet, it would not have been found 
without eviscerating the strangulated gut, a 
procedure which is not justified as a frequent 
operative measure in the light of the recorded 
observations of Morton (12) and of Ochsner 
and Storck. Holden, however, endorses it 
enthusiastically. There is, to be sure, no fool- 
proof procedure which may be applied to all 
types of cases. Our own experience indicates 
that enterostomy is a good operation for non- 
strangulated obstruction. Had the gut been 
eviscerated and stripped in this group of 20 
cases in which suction failed, the mortality no 
doubt would have been much higher. 
Division of single adhesions is a commend- 
able procedure, but division of complicated 
multiple adhesions is dangerous and unwar- 
ranted as is well shown in Table III. The 
performance of entero-anastomosis, in the 
main, has little place in the treatment of 
acute intestinal obstruction, though it appears 
occasionally to be the wisest choice of pro- 
cedure. The thoughtful paper of Morton (13) 
concerning the surgical management of acute 
bowel obstruction merits attentive perusal 
by every surgeon interested in the subject. 


THE MORTALITY OF TREATMENT 


There is to be reckoned with in the obstruc- 
tion problem a sizeable mortality in the very 
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TABLE IX.—COMPARATIVE EFFICACY OF VARIOUS TYPES OF DUODENAL TUBES IN 
EFFE CTING DECOMPRESSION 


“Time Lensth 

fore P of tube i . 

Type en tans any tube eee passed effort Course Pn 
of entered y beyond | expended P 

tube* duodenum duodenum 








Working 
Number diagnosis 





1(b)| 46 hrs. 48 hrs. X-ray 6 ft. 4 das., Recovery | Satisfactory 
4 2 hrs. moderate 
effort 


N.B. 666311 Small bowel obstruction 


Mechanical obstruction 
due to adhesions 








| 19 hrs. 24hrs. | X-ray 4 ft. 2 das., Recovery | Satisfactory 
5 hrs. moderate 


effort 


*. 667531 Small bowel on en 
due to gonorrheal 
pelvic inflammatory 
disease 





| 
| 
3. C.S. 668753 Small bowel obstruction | 9 hrs. 20 hrs. | X-ray in. 12 hrs., Recovery | Satisfactory 
due to adhesions } 41 hrs. fl little 
effort 
| 





2 hrs. "a q 4 hrs., Recovery | Satisfactory 
constant 
effort 


4. B.S. 600950 Small bowel obstruction 
due to adhesions 








5. D.H. 668958 Small bowel obstruction | 2 hrs. S. X-ray L 12 hrs., Recovery | Satisfactory 
robably due to tu- moderate 
rculous pelvic in- effort 
flammatory disease 








J.L. 646865 Partial small bowel } 4 } as. | as. - 6 ft. 3 hrs., Unsatisfactory 
Group I, C. obstruction, probably 2 hr. constant but much im- 
Death No. 1. malignant | | effort provement 





7. E.R. 669153 Generalized peritonitis | { ; 25 hrs. X-ray y 2 hrs., Unsatisfactory 
Group I, A. | 5 4 constant 
Death No. 7. effort 





8. G.S. 669152 Chronic small bowel 1(a)| 15 min. 5 min. lF " 2 hrs. Recovery | Satisfactory 
obstruction $ constant 
effort 





9. M.K. 667935 Small bowel obstruction; | ashes. | xshrs. | X-ray 3! ; 24 hrs., Recovery | Satisfactory 
etiology undeter- | little 
mined | effort 





10. 0. M. 667954 Carcinomatosis with 4 hrs. s. | X-ray , 48 hrs., Death Satisfactory 
Group I, small bowel obstruc- | moderate 


Death No ‘5. tion | | | effort 








4 das. as. | X-ray : 2 hrs., Death Satisfactory** 
30 min. | constant 
effort 


E.A. 666782 Carcinomatosis with 
small bowel obstruc- 
tion 





| 

| 
| | re 

3 das. Nev X- Constant | Recovery | Unsatisfactory 


to mod- enterostomy 
erate done 


N.B. 666a15 Small bowel ‘obstruction | 
Observed due to adhesions | 
since 6—1-38. 





thr. | : y , 8 hrs., Recovery | Satisfactory 
moderate 
effort 


13. N.S. 667095 Postoperative ileus; 


| 
° | 
Paralytic Ileus | 

pulmonary atelectasis !' 





14. Cc. K. 667563 Postoperative ileus r(b)| «2hrs. | s. c 3 4 hrs., Recovery | Satisfactory 
| moderate 
effort 











| Moderate | Death Unsatisfactory 








H.R. 668590 Paraly tic ileus : 








, Diagnostic Procedure . ; 

S.E. 671835 Possible carcinoma of 1(b) Tube fluoroscoped to beyond site of suspected lesion. Barium, injected proximal to the 
jejunum balloon, demonstrated carcinoma. 

“ a , Ss 

E.P. 672079 Possible small bowel I (b) Tube fluoroscoped to cecum in 1'4 hours. Barium, injected proximal to the balloon as 
obstruction the tube was gradually withdrawn failed to demonstrate pathology. 











*Types of Tube: 
1 (a) Miller-Abbott tube; (b) long double lumen tube of our own construction, essentially the same as the Miller-Abbott tube. 
2 Long — ae tube with a metal ball leader, a small rubber enclosed ball of lead attached to the end of the balloon by a 3-inch piece of 
stout suk threac 
3 Tube similar to (b) except that the tip of the tube is weighted with lead. 
4 Regular weighted-tip duodenal tube of the Wangensteen design except for increased length. 
5 Long single lumen tube with metal ball leader. 
The last tube tried as noted in the column is the tube which entered the duodenum. 
**Patient ultimately died of carcinomatosis. Terminally the obstruction reappeared, apparently proximal to the tip of the tube. 
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nature of the disease, but the mortality of 
treatment must be evaluated critically, too. 
It exists in every clinic and anyone having to 
do with the care of patients may contribute 
to it. It relates to the improper identification 
of disorders, unwise choice of therapeutic 
agent, and poorly selected as well as badly 
executed operative procedures. Enterostomy, 
in the presence of obstruction must be done 
carefully and aseptically. There would, as a 
matter of fact, be no mortality in simple 
obstructions, if adequate relief of distention 
could be obtained without peritoneal soiling. 
Witness the low mortality attending conserva- 
tive decompression of acute simple obstruc- 
tion (Table I). If those patients in satisfac- 
tory physical condition needing operation 
could be relieved of their distention, main- 
taining at the same time, the sterility of the 
peritoneal cavity, the mortality would be 
minimal. The experience of this clinic with 
aseptic surgical decompression of the colon 
acutely obstructed by malignancy substan- 
tiates this opinion (21). In strangulating 
obstructions not submitted to early operation, 
the mortality will continue to be high because 
of the hazard of transperitoneal migration of 
noxious substances, particularly bacteria, 
from the obstructed gut lumen. 


SUMMARY 


The experience of this clinic with all types 
of mechanical obstruction of the small bowel 
over the 7 year interval between June 1, 1931, 
and June 1, 1938, has been reviewed. This 
experience is related in detail in the tables 
and is summarized briefly in Table VIII. 
The indications and contra-indications for the 
suction management of mechanical obstruc- 
tions described in 1931 have been reiterated 
and the lessons learned in the intervening 
years have been reviewed. 

Among 156 patients treated for acute me- 
chanical obstruction of the small intestine, 
there were because of repetition of obstruc- 
tion in some patients, 190 cases. There were 
28 deaths in the entire group, a patient mor- 
tality of 17.9 per cent and a case mortality of 
14.7 per cent. 

In Group 1, the assembly of cases in which 
suction was the primary treatment (though in 


a portion of these, Group 1C, operation be- 
came necessary to effect a satisfactory decom- 
pression), there were 96 patients and 126 
cases of obstruction. There were 15 deaths, 
a patient mortality of 15.6 per cent and a case 
mortality of 11.9 per cent. In those instances 
in which suction alone accomplished a satis- 
factory decompression (Group 1, A and B) 
and relief of the acute obstruction, there were 
64 patients and 83 cases. Five deaths oc- 
curred, giving a patient mortality of 7.8 per 
cent and a case mortality of 6 per cent. 

The suction group constitutes 61.5 per cent 
by patient and 66.3 per cent by case of all 
patients treated for acute mechanical obstruc- 
tion of the small intestine during the period 
under study. The number in which suction 
alone was the only direct attack employed for 
the relief of acute obstruction (Group 1, A 
and B) was 41 per cent by patient and 43.6 
per cent by case of the entire group. 


CONCLUSIONS 


Suction applied to an inlying duodenal 
tube has a definite réle in the treatment of 
acute mechanical obstruction of the intestine. 
In suitable cases, complete relief of obstruc- 
tion may be obtained through this agent 
alone. In a far larger group, suction is to be 
employed solely as an ancillary procedure, 
subordinate in importance to operative de- 
compression or direct attack on the obstruc- 
tive mechanism. 

The intelligent use of suction in the relief of 
acute intestinal obstruction rests upon the 
following: 

1. Ability to differentiate simple and stran- 
gulating types of obstruction. 

2. Ability to distinguish between acute 
obstruction of the large and small bowel. 

3. Appreciation of the importance of scout 
x-ray films for indicating the location of the 
obstruction and whether it is complete or in- 
complete, and for determining whether a 
satisfactory decompression is being obtained. 

4. Appreciation of the shortcomings of 
suction applied to an inlying duodenal tube in 
the management of acute intestinal obstruc- 
tion. 

The experience of this clinic with the use of 
suction in the management of obstruction 





868 SURGERY, GYNECOLOGY 


suggests that when employed on suitable in- 
dications and with full realization of its weak- 
nesses and defects, it is a worth while addition 
to the available therapeutic agents, and that 
its rational use should lead to a definite, gen- 
eral lowering of the mortality of acute intes- 
tinal obstruction. 

The conservative decompression mode of 
management is a painstaking procedure which 
demands meticulous attention to detail. The 
limitations of the method demand also that 
patients accepted for treatment be passed 
upon by trained observers. Frequent periodic 
resurvey of the status of a patient being 
treated conservatively is mandatory. The 
consistently best results in the treatment of 
acute intestinal obstruction will be obtained 
in hospital practice when the management of 
all such cases is concentrated in the hands of 
a few individuals who are interested in and 
willing to devote time and energy which such 
cases should rightfully command. 
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THE PREVENTION OF MATERNAL AND 
INFANT ANEMIA 


R. GOTTLIEB, M.Sc., M.D., and G. J. STREAN, B.A., M.D., F.R.C.S.(C)., M.C.0.G., 
Montreal, Canada 


HE association of pregnancy and 

anemia is so common that one may 

almost feel inclined to consider a mod- 

erate degree of anemia during preg- 
nancy as a physiologic condition. Goodall 
and Gottlieb in an analysis of two hundred 
consecutive, non-selected cases of pregnancy 
were able to show that during pregnancy 
there is a definite tendency toward the devel- 
opment of a progressive hypochromic anemia; 
that this anemia becomes most pronounced 
in the third trimester, and is most severe in 
cases in which pregnancies succeed one an- 
other in rapid order. They also found a dimi- 
nution or even complete disappearance of free 
hydrochloric acid in the later months of 
gestation and a strong tendency to a return 
to the normal postpartum. 


In a previous publication (6) we were able. 


to show the close relationship of maternal and 


fetal erythropoiesis. Paradoxically enough, 
it was found that the greater the anemia of 
the mother, the greater fetal polycythemia. 
This was explained by the fact that the anemia 
of the mother intensifies the existing anoxemia 
of the fetus (5) which is compensated for by an 
increase in the number of erythrocytes. Strauss 
(2) was able to show that infants born of 
anemic mothers, although normal at birth, 
develop anemia during the first year of life 
and that this anemia could be prevented by 
the oral administration of iron. 

Realizing the importance of preventing the 
development of anemia with all its complica- 
tions during pregnancy, we proceeded to study 
the effect of preventative therapy on the 
mother, and later, the infant. We were soon, 
however, faced with another problem. The 
easily upset gastro-intestinal tract of preg- 
nant women was greatly upset with different 
preparations of iron in general use. 


From the Departments of Medicine and Obstetrics, Jewish 
General Hospital, Montreal. 


This paper deals with a hematological 
study of 525 consecutive, non-selected cases of 
pregnancy. Of these 275 cases received no 
therapy, while 250 were treated with different 
iron preparations. In 100 cases the infants 
were also studied. Fifty of these infants were 
born of mothers who had no therapy, while 
in the other 50 cases the mother had received 
iron. 

METHOD 

In all patients examined complete hemato- 
logical examinations were made on _ the 
mothers when first seen, usually during the 
second or third month of pregnancy, and the 
examinations repeated at intervals until de- 
livery. In the patients who received treat- 
ment, re-examinations were made for some 
time postpartum. In the 100 cases in which 
the infants were studied, the blood was exam- 
ined at birth (cord blood) and at intervals 
for 8 months after birth. Only average 
figures of the findings are given to save space. 


RESULTS 


Group 1. This group comprised the 275 
untreated cases. The average amount of 
hemoglobin was 75 per cent—10.50 grams. 
The reduction was most marked in the third 
trimester. The averages were: first trimester, 
80 per cent—11.20 grams; second trimester 
75 per cent—10.50 grams; third trimester, 
65 per cent—g.10 grams. The hemoglobin 
reductions are most marked in multiparous 
women who had had pregnancies in rapid 
succession. 

The red blood cells were also reduced in all 
cases, but not as markedly as the hemoglobin. 

Microcytes were usually present and the 
number of reticulocytes increased, depending 
upon the degree of the anemia. 

Group 2. In this group 250 cases were 
treated with different iron preparations. The 
hemoglobin values in this group ranged from 
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Chart 1. Straight line represents red blood cells and 
hemoglobin of infants whose mothers did not receive iron. 
Interrupted lines red blood cells and hemoglobin of infants 
whose mothers received iron. 


58 per cent—8.12 grams to 80 per cent—11.20 
grams. The erythrocytes ranged from 3,600,- 
000 to 4,300,000. In dividing the therapy 
among 250 cases, special care was taken to 
select the patients in such a way that each 
group would show about the same average 
findings. 

1. Fifty patients were treated with ferri et 
ammonium citrate, of which 30 grains were 
given three times daily. Elixir lactopepsin 
was used as a vehicle. The results in this 
group were excellent and normal values were 
reached in 4 weeks. These values were main- 
tained throughout the pregnancy with very 
little variation. There was a slight drop in 
the hemoglobin after delivery, but this was 
rapidly restored. However, 38 of the 50 cases, 
76 per cent, showed a good deal of gastro- 
intestinal upset. 

2. Fifty patients were treated with ferrous 
carbonate and copper in the combination of 
6 grains of ferrous carbonate and 1/48 grains 
of copper. This amount was given three times 
daily. The results in this group were fairly 
good. However, the response was not as iapid 
as in the previous group. Approximately 
normal values were reached in 6 weeks. A 
slight drop in the hemoglobin after delivery 


was rapidly restored. The gastro-intestinal 
upsets, on the other hand, were less marked 
and only 24 cases in 50, 48 per cent, showed 
upset. In 25 cases, 1/12 grains of phenol- 
phthalein was added but there was no appre- 
ciable difference in the number of gastro- 
intestinal upsets; 11 patients showed reaction 
in the group without phenolphthalein and 
13 patients in the group with phenolphthalein. 

3. Fifty patients were treated with reduced 
iron of which 5 grains were given three times 
daily. The results were about equal to those 
obtained with ferrous carbonate. Normal 
hemoglobin values were reached in 5 weeks 
and a slight drop in hemoglobin after delivery 
was restored in a short time. There were less 
cases with gastro-intestinal upset; 18 of the 
50 cases, 36 per cent, showed upsets. 

4. One hundred patients were treated with 
ferrous sulphate, grains 5, combined with 
vitamin B derived from yeast concentrate.! 
A total of 15 grains were given daily. Prefer- 
ence was given to this preparation because 
there were very few gastric upsets. Only 5 of 
the 100 patients, 5 per cent, showed some dis- 
turbances. The results obtained were equal 
to those with ferri et ammonium citrate. 
Normal values were reached in 4 weeks and a 
slight drop after delivery was rapidly restored. 

Group 3. This group comprises 50 infants, 
whose mothers had not received any iron 
therapy, and 50 infants whose mothers had 
received iron. A striking difference in the 
blood of these infants was found. 

In the treated group the average number of 
erythrocytes at birth was 7,450,000 and the 
average amount of hemoglobin,)120 per cent 
—16.80 grams. While in the’treated group 
the average number of erythrocytes was only 
5,290,000 and the average amount of hemo- 
globin 111 per cent—15.44 grams. At the 
end of 32 weeks, however, the picture was just 
reversed. In the untreated group the average 
number of erythrocytes was 2,860,000 and 
the average amount of hemoglobin 51 per 
cent—7.14 grams. The treatment group had 
an average erythrocyte count of 4,300,000 
and an average amount of hemoglobin of 82 
per cent—11.48 grams. Chart 1 shows the 
relation of these two groups of infants. 


1Supplied in the form of hematinic plastules 
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DISCUSSION 


The development of an iron deficiency dur- 
ing pregnancy is easy to understand if one 
considers that the fetus not only develops 
its own blood supply during the intra-uterine 
life, but actually develops a polycythemia 
during its prenatal stage, to overcome the 
normal degree of anoxemia in which it has 
to live before birth. The iron for the produc- 
tion of hemoglobin (3) must be supplied from 
the iron storage of the mother. These iron 
requirements are rather large. Bunge has 
shown that the livers of young animals con- 
tain weight for weight about five times the 
quantity of iron that is found in adult livers. 
The greater polycythemia in the fetuses of 
anemic, untreated mothers is essential for 
the maintenance of the oxygenation of the 
fetal tissues, but the iron storage of these 
fetuses is apparently deficient and the infant 
obviously cannot maintain its normal erythro- 
cyte and hemoglobin level during the first 
year of its most rapid growth and develop- 
ment. 

Our study shows that the anemia of the 
mothers as well as of the infants can be easily 
prevented. We feel that this fact is of great 


clinical importance. Many maternal compli- 
cations could be prevented and the infant 
mortality reduced. 
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CONCLUSIONS 


1. Maternal anemia is associated with a 
greater fetal polycythemia. 

2. Infants of anemic mothers develop 
anemia during the first year of life. 

3. Both the maternal anemia and the 
anemia of infants can be prevented by prophy- 
lactic iron therapy. 

4. Many iron preparations are effective 
but produce considerable gastro-intestinal 
upset. 

5. Ferrous sulphate in combination with 
vitamin B complex was found to be very 
effective without greatly upsetting the gastro- 
intestinal tract. 
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THE MURAL PENETRATION OF THE CARCINOMA CELL 
IN THE COLON: ANATOMIC AND CLINICAL STUDY 


WYATT C. SIMPSON, M.D., and CHARLES W. MAYO, M.D., F.A.C.S. 
Rochester, Minnesota 


HE importance of carcinoma of the 

colon is attested by the frequency of 

its occurrence. At least 10 individ- 

uals out of each 100,000 population 
die of carcinoma of the colon every year. This 
study is concerned not primarily with those 10 
individuals who die, but with that group of 
patients who undergo a resection of their car- 
cinoma-bearing bowel and survive. Analyses 
of the factors concerned in their survival will 
be presented and an approach in the classifi- 
cation of these carcinomas which appears to 
throw some light on the prognosis will be pro- 
posed. 

The cases on which this study is based com- 
prise 120 patients selected from those treated 
at The Mayo Clinic in the years 1928, 1929, 
and 1930. All of them were patients from 
whom single carcinomas of the colon were re- 
moved, in whom no evidence of distant metas- 
tasis was present at the time of operation, and 
who survived the operation and were dis- 
missed from the clinic with apparently good 
chances of cure. In all of these cases follow-up 
information is available covering a period of 
5 years or more. 

In all but 30 of these cases the histological 
grade of malignancy by Broders’ method had 
been recorded already. These remaining speci- 
mens were therefore graded and the grading 
was checked by Dr. Broders (1, 2). Informa- 
tion regarding the presence or absence of 
lymph node involvement was available from 
the pathological reports on the fresh speci- 
mens. This information was accepted without 
further study of the specimens. 

Of these 120 patients from whom carci- 
nomas of the colon had been removed, 67, or 
55-8 per cent, lived at least 5 years after oper- 

Abridgment of thesis submitted by Dr. Simpson to the Facul- 
ty of the Graduate School of the University of Minnesota in 
partial fulfillment of requirements for degree of M.S. in Surgery. 


Dr. Simpson, now residing in Gadsden, Alabama. 
The Mayo Foundation, and Division of Surgery, The MayoClinic 


ation. What factors then determine which 
cases are to fall in this fortunate group? 

MacCarty, studying carcinomas of the 
stomach, breast, and rectum, observed a uni- 
form prolongation of postoperative life in the 
presence of lymphocytic infiltration, fibrosis, 
hyalinization, and cellular differentiation, and 
suggested that the first 3 factors play a signif- 
icant réle as part of the natural defense mech- 
anism against carcinoma after it has once 
developed. 

Rankin and Olson pointed out that such 
local conditions as fixation, perforation, and 
abscess formation affect operability but are 
merely local influencing factors which are 
usually the result of prolonged neglect in the 
absence of symptoms or of intense activity of 
the carcinomatous cell. In a group of 453 
cases they noted a better prognosis for growths 
of the right side of the colon than of the left. 
This observation does not correspond to the 
figures in the present smaller series, where 5 
year survivals are noted in 53.6 per cent of 
carcinomas of the right half of the colon, 46.7 
per cent of the transverse part of the colon, 
62.3 per cent of the descending part of the 
colon, and 51.1 per cent of the sigmoid. 

They also noted a better prognosis in the 
older age groups and suggested that age is a 
factor by virtue of a decreased activity of the 
tissue cells of the host, not of the cancer. In 
the present series (Table I) the greatest number 
of patients was between 4o and 69 years of 
age. Among these the prognosis was some- 
what better between 50 and 59 years than be- 
tween 40 and 49 years, and considerably better 
between 60 and 69 years. 

Rankin and Olson also noted a direct re- 
lationship between the grade of malignancy 
and the survival period, the outlook being pro- 
gressively worse as the grade of malignancy 
increased. They also noted a progressive in- 
crease in the involvement of lymph nodes as 
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TABLE I.—FIVE YEAR SURVIVALS BY AGE 


Age in Total Survivals 
years number number percent 
CEE ovis waa eee eee a 5 4 80.0 
RE. 6. o xine gin diictacn'e ia:d1a ve pleleok ors 36 19 52.8 
SPN sie Oo CON sarss wines anes 49 26 53-1 
Re oiiieree wore tiea nie F< as 26 17 65.4 
OME: ras cya slau me esrb oo-Sala ms 4 I 25.0 
HR ee renee ete tte 120 67 55-8 
TABLE II.—FIVE YEAR SURVIVALS BY GRADE 
OF MALIGNANCY 

Grade Total Survivals 
of malignancy number number per cent 
ee ee eye eer ee ee 19 15 78.9 
SE auae nee anda tree meee sen ee 72 41 50.9 
5s MN 2 ano nied wmeliclarere- si areas 29 II 37-9 
WO icc are citanineae ose coe 120 67 55-8 
TABLE III.—INVOLVEMENT OF LYMPH NODES 


BY GRADE OF MALIGNANCY 
With involvement 
Grade Total of lymph nodes 
of malignancy number number per cent 
f. scaeuaseew sewawemn anaes 19 3 15.8 
S caavivinies aan wince ew ate 72 23 31.9 
So Qinbus Ce ewinwen con eeewias mies 23 15 65.2 
Sedans otidiomin wate ereo adieanleieha 6 6 100.0 
neers wecksess awecnes 120 47 39.2 


one passes to the higher grades of malignancy. 
They found, too, that the prognostic influence 
of nodal involvement operates quite as well in 
any one grade as in the entire group. The 
present figures are in agreement with all of 
these observations (Tables II, III, and IV). 

The prognostic importance of lymph node 
involvement considered alone is illustrated in 
Table V. Whereas in this series 44.7 per cent 
of the patients with lymph node involvement 
were alive 5 years or more after operation, it 
is interesting to note that in 1923 Miller stated 
that there is no reason to believe that any 
patient with lymph node metastasis can sur- 
vive and that, therefore, excision of the growth 
itself is all that ever need be done. 

Karsner and Clark, in a series of 104 cases, 
noted a decreasing frequency of lymph node 
metastases as one progressed from left to right 
in the colon. In the present series, on the con- 
trary, the frequency increases from left to 
right (Table VI). 

Ochsenhirt, in a study of 188 cases, found 
that secretion of mucus by the carcinoma cell 
is a function indicating differentiation and 


TABLE IV.—INVOLVEMENT OF LYMPH NODES 
AND FIVE YEAR SURVIVALS—CASES SHOW- 
ING GRADE 2 OF MALIGNANCY 





Total Survivals 
Lymph nodes number number per cent 
err 49 29 59.2 
WS Soaks ore ww cis ace wages 23 12 52.2 
: USER iret egene my eer e 72 41 56.9 


TABLE V.— FIVE YEAR SURVIVALS ACCORDING 
TO INVOLVEMENT OF LYMPH NODES 


Total Survivals 
Lymph nodes number number per cent 
MU I ooo ose ons Marcie 73 46 63.0 
DININES oicice tadauv cg een curs 47 21 44.7 
Moises cb actin os Saleen 120 67 55-8 
TABLE VI.—INVOLVEMENT OF LYMPH NODES 


BY LOCATION OF GROWTH 


With involvement 


Total of lymph nodes 
Location number number percent 
Right part of colon........... 28 14 50.0 
2 a eee 15 6 40.0 
CIN isco since sa cewrees 26 12 46.2 
EE ios wnic cs sa steer gan 51 15 29.4 
Eo cciaientien us Raveena 120 47 39.2 


that the percentage of mucus-secreting cells 
is inversely proportional to the malignancy. 
Rankin and Olson in their series found essen- 
tially no prognostic difference between the 
mucous adenocarcinomas and the adenocar- 
cinomas in general. Therefore, no separate 
classification was made for this group in the 
present study. 

In regard to the mechanism of penetration 
of the cancer cell, Ewing stated, “The disease 
arises usually in a circumscribed area of mu- 
cosa in which the glands become enlarged, 
the lining cells hypertrophied and multiplied, 
the production of mucous cells increased, and 
the lumina elongated and bifurcated. The 
neoplastic alveoli soon break through the 
muscularis mucosa and extend along the sub- 
mucosa, often reaching the surface at lateral 
points, thus extending the lesion or penetrat- 
ing the muscularis along lymph or blood chan- 
nels”’ (Fig. 1). 

Cole, studying rectal carcinoma, stated that 
the initial carcinomatous focus is covered by 
unbroken epithelium and surface ulceration 
may thereafter take place (1) by the under- 
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TABLE VII.—FIVE YEAR SURVIVALS BY DEGREE 
OF MURAL PENETRATION 
Degree of 


mural | 
penetration 


Total 
number 


Survivals 
number per cent 


Io 100.0 
13 61.9 
44 49.4 


67 55.8 


TABLE VIII.—MURAL PENETRATION AND IN- 
VOLVEMENT OF LYMPH NODES 


With involvement 
of lymph nodes 
number _— per cent 

I 10.0 
8 38.1 
38 42.7 


47 39.2 


Degree of 
mural 
penetration 


Total 
number 


mining of successive portions of the mucous 
membrane, or (2) by the direct involvement 
of overlying mucous membrane by upgrowths 
of carcinoma into and replacing the membrane 
(Fig. 1). Welch expressed the opinion that the 
cancer spreads, so far as the mucosa is con- 
cerned, by the progressive transformation of 
normal into neoplastic cells as if some malign 
influence were passing by direct contagion to 
the normal cells. 

Rankin and Olson found a significantly 
larger proportion of 5 year survivals among 
those cases in which the dominant direction of 
the growth was toward the lumen rather than 
among those in which the dominant direction 
was toward the serosa. Gray, in studying 
cases of carcinoma of the stomach, found 
serosal involvement to be a finding of grave 
prognostic import. Cuthbert Dukes (4, 5), 
studying carcinoma of the rectum, observed 
that the degree of penetration of the carci- 
noma cell into and beyond the rectal wall was 
of prognostic importance comparable to that 
attributable to the grade of malignancy (12) 
It seemed, therefore, that a similar situation 
might exist with regard to carcinoma of the 
colon above the rectosigmoid, and it was to 
clarify this point that the present study was 
undertaken. 


METHOD OF STUDY 


The specimens of the 120 carcinomas of the 
colon included in this study had been pre- 
served in a 10 per cent solution of formalin. 
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TABLE IX.—AVERAGE DURATION OF SYMPTOMS 
ACCORDING TO DEGREE OF MURAL PENE- 
TRATION 

Degree of 


mural 
penetration 


Average 
duration, Number o{ 
months cases 


34 9 
9 19 
12 81 

109* 


*Duration not stated in all case records. 


TABLE X.—MURAL PENETRATION IN RELATION 
TO GRADE OF MALIGNANCY 





Grade of Malignancy 





7 3 
Degree of 
mural 
penetration | num-| per | num-| per 
ber | cent | ber | cent | ber 





num-} per 
cent 





A 7 | 70.0 2 | 20.0 


I 10.0 





B 3 | 14.3] 15 | 71-4 





2 | 905 

















Cc | 9 | 10.1 55 |61r.8| 20 | 22.5 
Total 











| 19 | | 72 23 





A series of thin slices was made through the 
tumor from within outward. A thin block of 
tissue was removed from the region of deepest 
penetration. This was embedded, sectioned, 
and stained with hematoxylin and eosin. 
These sections were studied and the degree to 
which the carcinoma cells had penetrated the 
intestinal wall was determined. Employing a 
system of classification somewhat similar to 
that which Dukes (4) found to be of signifi- 
cance in carcinoma of the rectum, but of 
necessity modified to conform to different 
anatomical circumstances, the specimens were 
divided into classes A, B, and C, depending 
on the degree of mural penetration of the can- 
cer cells. In class A were placed those cases 
in which the cancer cells had not penetrated 
beyond the submucosa (Fig. 2). In class B 
were placed those cases in which the cancer 
cells had penetrated into but not beyond the 
muscularis (Fig. 3). In class C were placed 
those cases in which the cancer cells had pene- 
trated through the muscularis and into the 
subperitoneal fatty and fibrous tissue of the 
serosa (Fig. 4). 

Table VII indicates that of 120 resected car- 
cinomas, 10, or 8.3 per cent, belong to class A; 


























Fig. 1. Lateral mucosal spread of carcinoma cells by 
multiple foci. Carcinoma cells have also penetrated 
through the muscularis and are invading the serosal fat. 
X73 


21, or 17.5 per cent, belong to class B, and 8a, 
or 74.2 per cent, belong to class C. 

The prognosis is observed to be best in 
class A, with all 1o patients reported alive 5 
years after the operation. The worst prognosis 
is observed in class C, in which a 49.4 per cent 
5 year survival is found, and the intermediate 
prognosis is observed in class B, with a 5 year 
survival rate of 61.9 per cent. 

In Dukes’ (4) study of rectal carcinoma, 
his class C includes those growths that have 
penetrated the perirectal tissues and involved 
the regional lymph nodes. 

Table VIII suggests a definite relation be- 
tween the degree of mural penetration and the 





Fig. 3. Class B, grade 2, nodes positive. A female aged 
3 years had symptoms of 36 months’ duration; 5 year 
-urvival. Cancer cells in but not through muscularis. X 3.5 
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Fig. 2. Class A, grade 2, nodes positive. A male aged 
42 years, had symptoms of 6 months’ duration; 5 year 
survival. Cancer has not spread beyond the muscularis 
mucosa, but there is a focus of polymorphonuclear leuco- 
cytes in the serosa. X 3.4 


presence of lymph node involvement in car- 
cinoma of the colon above the rectosigmoid. 

When the average duration of symptoms is 
compared in the 3 classes (Table IX), it is 
seen that the symptoms have been present for 
the shortest time in class B, longer in class 
C, and longest in class A. This apparent 
paradox is explained by the fact that class A 
includes those polypoid growths of low in- 
vasive qualities that have given the symptom 
of bleeding periodically, often for many years. 

Except for the preponderance of grade 1 
cases in class A, the majority of all classes of 
cases is found to be in grade 2; the majority of 
all grades is in class C (Table X). These 2 





Fig. 4. Class C, grade 4, nodes positive. A male aged 
61 years had symptoms of 4 months’ duration; 5 year sur- 
vival. Carcinoma cells are directly under the peritoneum. 
X 42.5 
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TABLE XI.—FIVE YEAR SURVIVALS BY GRADE 
OF MALIGNANCY—CASES SHOWING DEGREE 
C OF MURAL PENETRATION 

Total 


Grade of Survivals 


malignancy number number per cent 
Siero a wanwcakeateouieeea as 9 6 66.7 
WO ieaia firs dict pl came eaeneee ota 55 29 52.7 
MOE oie na sansa nen aeons 25 9 36.0 
Ee meee ae eee oe 89 44 409.4 


TABLE XII.—FIVE YEAR SURVIVALS BY DEGREE 
OF MURAL PENETRATION—CASES SHOW- 
ING GRADE 2 OF MALIGNANCY 


Degree of 
mural | Total Survivals 
penetration number number percent 
MD) dgdcedineisrcaaceccacswien ds 2 2 100.0 
B DL aaKhed eases alae eke ao 15 10 66.7 
Re eaeaarntiea sate vis eae eee cai 55 29 nay 
NOINs a iicstntitaroictoxc ner err at 72 41 56.9 


groups were therefore analyzed separately as 
to the survival period (Tables XI and XII). 

These comparisons demonstrate that in the 
large series of grade 2 growths, where most of 
the cases are to be found, the percentage of 5 
year survivals is directly dependent on the 
degree of mural penetration, being greatest in 
class A and least in class C. This fact offers a 
means of further individualizing the prognosis 
in this large group. 

Similarly, in the large group of class C cases 
the outlook follows the line that is predictable 
by the grade of malignancy, being poorest in 
grades 3 and 4 and best in grades 1 and 2. 
Thus by classifying these growths as to both 
grade of malignancy and degree of mural pene- 
tration, a more accurate prognosis can be 
achieved than by employing either method of 
classification alone. 

In the effort to further individualize the 
prognosis, these same groups, that is, those 
falling in grade 2 and those in class C, were 
compared for the percentage of 5 year sur- 
vivals depending on the presence or absence 
of lymph node involvement (Tables IV and 
XIII). Involvement of lymph nodes by car- 
cinoma is a factor of definite prognostic im- 
portance in both of these groups. Thus, when 
these 3 factors are considered together in a 
given group of cases of carcinoma of the colon, 
a fairly accurate prognosis can be made. 
However, lest one be led into too gloomy an 
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TABLE XIII.—INVOLVEMENT OF LYMPH NOD!S 
AND FIVE YEAR SURVIVALS—CASES SHO\- 
ING DEGREE C OF MURAL PENETRATION 


Total Survivals 
Lymph nodes number number per cent 
NS OS Pree 51 30 55.8 
ON Se er ene 38 14 30.8 
OI ig aid erescee sca a aR Ri 89 44 4 4 


outlook from such calculations, it is well to 
mention that of 5 cases of grade 4 malignancy, 
class C mural penetration, and with positive 
involvement of lymph nodes by carcinoma, 2 
are to be found in the group surviving resec- 
tion for 5 or more years. 


CONCLUSIONS 


1. Prognosis is observed to be unfavorably 
influenced especially by higher degrees of 
mural penetration of carcinoma cells, by 
higher histological grade of malignancy, and 
by carcinomatous involvement of regional 
lymph nodes. 

2. The 3 aforementioned factors are mutu- 
ally dependent to a considerable degree in 
that the deeper the carcinomatous penetra- 
tion, the greater the probability of lymph node 
involvement, and the greater the probability 
that the growth is of a higher histological 
grade of malignancy. Likewise, the higher the 
histological grade of malignancy, the deeper 
is mural penetration likely to be found, and 
the more likely it is that lymph nodes are in- 
volved. Nevertheless, these factors operate 
independently to a certain degree, in that for 
any class of penetration the prognosis is 
poorer the higher the histological grade of 
malignancy; similarly, for any histological 
grade of malignancy, the deeper the penetra- 
tion the worse the prognosis. 

3. Amore accurate estimation of prognosis 
in cases of carcinoma of the colon can be 
achieved by employing the method of classi- 
fication proposed here together with Broders’ 
histological grading of malignancy than is pos- 
sible by the use of either method alone. 
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THE INFLUENCE OF VITAMIN D UPON BONE REPAIR 


The Healing of Fractures of Rachitic Bones 


EDWARD L. COMPERE, M.D., BENGT HAMILTON, M.D., and MARGARET DEWAR, 


- 


HE importance of vitamin D supple- 

ments in the repair of bone has been 

a subject of much controversy during 

the past 10 years. Opinions ex- 
pressed by clinicians and results reported from 
the research laboratories have differed widely. 
The statement, found in most of the textbooks, 
that “fractures of rachitic bones heal promptly 
and with abundant callus’’ was not supported 
by our clinical experience, except in those in- 
stances in which vitamin D was added to the 
diet of the patient. 

Royster states, ‘“‘Fractures of long bones (in 
rickets) are common. These are usually of the 
greenstick variety.”’ Cotton believed that in 
rickets the common injury is an “‘infraction.”’ 
He states, “‘An infraction is a fracture that 
differs from a greenstick in that the convex 
side is bent, the concave side crushed... . 
They occur typically in the fractures of rick- 
ets.” Foote, in discussing traumatic injuries 
in rickets, stated, “fractures of the long bones, 
such as the clavicle, radius, ulna, humerus, 
femur, ribs, and fibula are quite common. 
These fractures are very frequently of the 
impacted greenstick type, with little or no dis- 
placement and with abundant callus.’”’ In a 
second reference from the same book (8) this 
author says, ‘““The bones readily unite and 
form abundant callus and the injury seems 
less painful than fractures in normal bones.”’ 

Our clinical observations indicated that 
fractures of rachitic bones were not infre- 
quently complete, with displacement and an- 
gulation. Union occurred slowly and little 
callus was formed, although in contrast with 
the extremely atrophic bone, the amount or 
density of callus might appear to be adequate. 
The following reports demonstrate the healing 
of fractures in 2 patients with active rickets: 


From the Division of Orthopedic Surgery, Department of 
Surgery and the Department of Pediatrics, University of Chicago 


Chicago, Illinois 


Case 1. J. T., female, aged 15 months, was ad- 
mitted to the University of Chicago Clinics on 
January 5, 1934, for the treatment of rickets and 
deformity of the left femur. Five months before ad- 
mission she fell out of bed sustaining a fracture of the 
femur. A cast was worn for only 2 weeks. After 
removal of the cast an anterolateral angulation de- 
veloped. She had not walked since the date of the 
fracture. No vitamin D supplement was admin- 
istered during this 5 month interval. Physical exam- 
ination revealed a marked anterolateral bowing of 
the left leg. The epiphyses of the wrists and ankles 
were palpably enlarged and roentgenograms showed 
a fracture of the middle third of the left femur with 
angulation and minimal callus. The lower end of the 
femur showed cupping, flaring, and irregular ossi- 
fication indicative of an extremely active rickets 
(Fig. 1). Calcium of the blood serum was found to 
be 9.9 milligrams per cent and the inorganic phos- 
phate was 2.1 milligrams per cent. This patient was 
given 10.5 grams of cod liver oil daily in addition toa 
balanced diet and there was rapid healing of the 
rickets and of the fracture, and the patient became 
normally active. After 3 months the serum calcium 
was 10.3 milligrams per cent and the inorganic phos- 
phate was 5.6 milligrams per cent. 

CasE 2. C. P., male, aged 16 months, was ad- 
mitted to the University of Chicago Clinics on July 
10, 1931, for treatment of active rickets and a 2 day 
old fracture of the femur. Antirachitic therapy con- 
sisted of viosterol and cod liver oil and both the 
fracture and the rickets healed rapidly (Fig. 2). 


These cases are typical of those which we 
have observed in treating fractures of rachitic 
bones. They indicate that bone repair in the 
presence of an acute deficiency of vitamin D 
may be greatly retarded. 

Fischer and Key, Hellner, Lewis, Moritsch 
and Krammer, Pincussen and Neumann, 
Swart, and Vara-Lopez have individually stud- 
ied the effect of vitamin D supplements in the 
treatment of fractures of supposedly normal 
bones and have reported no change in the rate 
or quality of healing. Collazo reported that 
the addition of vitamin D produced better 
callus and stronger union than was present in 
the control animals but that it delayed absorp- 
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Fig. 1A 


Fig. 1. Case1,J.T., female, age 15 months. Five months 
before admission to the University of Chicago Clinics, at 
the age of 10 months the patient fell out of bed, sustaining 
a fracture of the left femur. A cast was applied and worn 
for 2 weeks. Upon removal of the cast, marked anterior 
angulation of the femur developed. During the 5 months 
she had not been willing to try to walk and showed evidence 
of pain when attempts were made to persuade her to stand. 
A, Roentgenogram of the left femur, 5 months after frac- 
ture, shows changes typical of moderately active rickets. 
The femur is atrophic with paper-thin cortices and a wide 
medullary canal. The fracture has united in marked mal- 
position with a minimal amount of callus. From the date 
of this roentgenogram she was given 10.5 grams of cod 
liver oil daily, in addition to a well balanced diet. B, 
Roentgenogram 49 days after beginning cod liver oil 
therapy. Evidence of better ossification especially in the 
metaphyseal region indicates the quality of healing of the 
rickets. There is better healing of the fractured femur. 
C, This roentgenogram shows complete healing of the 
rickets and extensive new bone formation on the concave 
side of the fracture angulation 89 days after beginning the 
vitamin D supplement. The medullary canal has been 
restored. The portions of cortex of the femur which are 
incorporated within the new bone formed at the fracture 
site are undergoing absorption. It is of interest to note 
that as more tensile strength develops in the bone which is 
filling out the angle formed by the malunion of the frag- 
ments and there is accordingly less stress on the cortex of 
the femur on the convex side of the angle, a tendency 
toward remodeling is under way, as evidenced by the 
absorption of this lateral cortex. Such a process may be 
expected to lead to gradual straightening. 

Fig. 2. Case 2, C. P., male, age 16 months. A, Roent- 
genogram of complete transverse fracture of the midshaft 
of the femur of an infant with active rickets. The distal 
end of the femur and the proximal end of the tibia show 
marked fraying and slight cupping. There is some increase 
in density in the metaphyseal region of the femur suggesting 


tion of the old fragment cortices. Collazo’s 
reports are confusing in view of the fact that 
his studies included fractures in both rachitic 
and normal animals. Tammann was unable 





Fig. 1B 
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Fig. 2B Fig. 2C 


Fig. 2A 


beginning healing. Beginning on the third day after the frac- 
ture, viosterol (15 drops) was administered twice each day. 
Three days later, 5 grams of cod liver oil daily were added. 
B, Four weeks after fracture. A moderate amount of callus 
has formed and there is further evidence of healing of the 
rickets. C, After 7 weeks. The rickets has healed and there 
is complete union of the fracture but the cortices of the 
fragment ends contained within the callus have not under- 
gone absorption and the medullary canal has not been 
restored. The apparent defect, a, on the lateral side of the 
distal end of the femur probably represents a cartilage 
inclusion. Note the densely ossified, but smooth serrations 
of the distal end of the femur. 


to determine any difference in the rate or 
quality of fracture healing in animals receiv- 
ing therapeutic doses of vitamin D, but after 
60 days he found that the callus at the site of 
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Fig. 3. Experiment 1, Group 1. Compound fractures of 
the tibia and of the radius of rats Nos. 5, 6, and 7, showing 
active rickets at the time of fracture, November 6, 1934. 
The deficiency diet was continued throughout the experi- 
ment. As illustrated in roentgenograms taken at intervals 


the fracture of the animals receiving massive 
doses of the vitamin supplement began to 
undergo absorption. He was able to demon- 
strate, in the histological sections, median 
necrosis in the callus. Bors concluded that the 
callus of the animals treated was the same 
after 15 days following fracture, but was den- 
ser 22 days after than that of the controls. 

Pappenheimer found that in fractures of 
rachitic bones the callus remained calcium- 
free unless the animals were given treatment 
with cod liver oil. Somewhat similar results 
were also obtained by Urist. 

Grauer reported bone absorption when mas- 
sive doses of vitamin D were given to experi- 
mental animals, and Jones and Robson were 


11-28-34 12-14-34 


of approximately 2 weeks, the rickets remained active and 
there was little evidence of healing of any of the fractures. 
The bones of both extremities shown in the roentgenograms 
show little growth or development and are as atrophic 
38 days after fracture as on the day of operation. 


also able to demonstrate that irradiated ergos- 
terol in toxic doses produced marked degen- 
erative changes in the growing bones of rats. 
Their microscopic studies showed that the 
atrophy resulted from the removal of organic 
as well as inorganic matrix. The bones were 
soft and fragile. 

One of the authors (Compere) together with 
Goisman, in a recently published report in 
which the healing of fractures of atrophic 
bones was the subject of an experimental 
study, suggested that there is a threshold of 
mineral and vitamin normalcy below which 
bones become atrophic or rachitic, but that 
addition of minerals or vitamins to the well 
balanced diet was not therapeutically sound. 
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Fig. 4. Experiment 1, Group 2. Compound fracture of 
the radius and tibia of 3 of the rats in this group. Active 
rickets at the time of operation November 6, 1934. Cod 
liver oil was added to the diet on the day f: lowing opera- 
tion and 43 days later, December 19, 1934, the roentgeno- 
grams show marked improvement in quality of the bone, 


With the exception of the report of Pappen- 
heimer and the unpublished work of Urist, the 
importance of vitamin D in the repair of bones 
of animals kept for long periods of time on a 
vitamin D deficiency diet has not been made 
the subject of an experimental study. 
Because of the apparent confusion with 


regard to the importance of vitamin D supple- , 


ments in bone repair, the experiments reviewed 
in this report were undertaken. In the fur- 
therance of this study the department of pedi- 
atrics and the division of orthopedic surgery 
collaborated. 

The rat was selected as the experimental 
animal, both because of the ease with which 
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in healing of the rickets, and union of the fractures of rats 
Nos. 5 and 8. Callus has formed about the fracture of rat 
No. 7 but refracture occurred. A line of decreased density 
across the site of the fracture shown in the roentgenogram 
which was taken December 19, 1934 suggests pseud- 
arthrosis. 


rickets can be produced and because of the 
relatively short time required for growth to 
skeletal maturity. Each of 3 experiments was 
carried out with groups of 21 day old rats, of 
standard stock. The rickets-producing Mc- 
Collum Diet, No. 3143, was used. This diet 
is high in calcium, low in phosphorus and quite 
deficient in vitamin D. Its components are: 
33 parts ground whole yellow corn; 33 parts 
ground wheat; 15 parts gluten; 15 parts gela- 
tin; 3 parts calcium carbonate; and 1 part 
sodium chloride. 

The normal stock diet used had the follow- 
ing composition: 150 parts ground whole yel- 
low corn; 67 parts whole milk powder; 32 
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COMPOUND FRAC- 
ANALYSES 


TABLE I.— EXPERIMENT I. 
TURES OF TIBIA AND RADIUS: 
OF POOLED BLOOD OF EACH GROUP OF RATS 


























PROTOCOL OF EXPERIMENT I: 


RAY EXAMINATIONS* 


RESULTS OF X 
































Pa a : ; 
SURVIVING 44 DAYS AFTER FRACTURE* Date | Groupt | Group 2 Group 3 Group 4 
a a - 11-6-34) Active | Cod liver oil | No rickets; 2| Larger ratsan 
| ] | rickets added to | rats died bigger bones 
| No Mig ghee- os * oat oo any 
. “¢ | phorus . | showed active of other 3 
Group = per 100 Results | sichate groups 
ats |c.cm.serum } 
—- 11-14-35) No callus Faint callus | No union; All showed 
1. Rickets-producing diet, | No osseous union; faint | shown; rickets} no definite | callus and 
no vitamin D 2.2 callus, atrophic bone; | healing | callus beginning 
slight healing of rickets | j union 
2. Cod liver oil added to Moderate callus; union 11-21-34) Nocallus__| Union com- Beginning Five of 7 
rickets-producing diet | in 7 rats; pseudar- | pletein 4 union in showed bony 
after fracture 5.1 | throsis in 1; rickets | with good all; moder- | union; 2 
healed | callus; callus ate callus showed good 
—_— | adequate in 3 | callus but had 
3. Rachitic diet plus cod Moderate callus; no but had re- | refractured 
liver oil from start of rickets fractured; in | 
the experiment 8 5.1 rat No. 6 | 
— - there was 
4. Stock diet 7 7.8 Solid union; large bones, pseudarthro- | 


all rats; medullary 
canals restored 





The results shown in Table I are demonstrated more graphically in 
Chart 1. They indicate a correlation between the inorganic phosphorus 
content of the blood serum and the rate and degree of healing of the 
fractures. 

*In each of the 3 experiments the blood was drawn by heart puncture 
under light ether anesthesia. 


parts linseed oil meal; 10 parts casein; 4 parts 
alfalfa meal; 4 parts yeast; 1 part calcium car- 
bonate; and 1 part sodium chloride. Vitamin 
D supplements of 2.5 per cent of cod liver oil 
were added to the rachitic diet of Group 2 
immediately after fracture, and to that of 
Group 3 at the beginning of the experiment 3 
weeks before fracture. 


EXPERIMENT I: COMPOUND FRACTURE OF 
TIBIA AND RADIUS 


Thirty-one rats, 21 days of age, were used in 
this experiment. They were placed on special 
diets for 21 days before fracture, as follows: 


Group 1. Eight rats were fed rachitic diet No. 


3143- 
Group 2. Eight rats were fed the same diet as 


Group 1. (Cod liver oil added after fracture.) 
Group 3. Eight rats were fed rachitic diet with 
cod liver oil supplement. 
Group 4. Seven rats placed on normal stock diet 


At the end of 21 days on these various diets, 
one tibia and one radius were exposed under 
ether anesthesia. The bones were divided with 
heavy scissors and the wound was closed. No 
splint was used. To the rachitic diet of Group 
2, cod liver oil was added from the day of this 
operation. Roentgenograms were made at in- 
tervals of 1 week. One-half of the animals 


used in this experiment were killed at the end 


sis; rickets | 
well healed in 
all 





11-28-34t| No bone Seven showed | All good os- | All showed 





union union; rat No.| seousunion | strong bony 
7 had pseu- except No. union 
darthrosis I 
12-6-34| No bone Rat No. 7 | Only Nos. 5,| All showed 
union; faint} showed poor | 6, and 7 re-| strong bony 
callus union; No. 6 mained but} union 


they were 
well united 


was doubtful 











12-14-34, Fibrous | Nos. 5 and 8 Solid bony All showed 





| union but excellent os- union of strong bony 
| very little seous union both tibia union 
and radii 
| ing of medul- 
lary canal | 





Excellent re- 
generation of 
bone; medul- 

lary canals 

| restored 
| 


All united ex- | Excellent | 
| bone repair 
in all 3 


12-19-34] 43 days after 
| fracture; 
| slight spon-} 
taneous | 
healing of | 
rickets; no | 
osseous 
union 
Surviving 
rats sacri- 
| ficed | 


| 
| 

callus | with re-open- 
| 
| 
cept No. 7 
| 








*Diets in all 4 groups were begun on October 11, 1934; date of operation 
for all 4 groups was 11-5-34. , ; 
**Eight rats were used in each group except Group 4 in which there 
were 7. 

tRats Nos. 1, 2, 3, and 4 of all groups were sacrificed on November 28 , 
1934- 


of 3 weeks. The remaining animals were bled 
under light ether anesthesia and sacrificed 6 
weeks following the fracture, when they were 
63 days old. 

Because of the small number of rats in each 
group, insufficient serum was obtained to de- 
termine both phosphorus and calcium, so that 
only inorganic phosphate determinations were 
made. The results of this study are shown 
briefly in Table I and more graphically in 
Chart 1. 

Most of the rats that were fed the stock diet 
were able to use the fractured extremities 
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Chart 1. Experiment 1, rate of union of compound fractures of tibia (rats). For 
the preparation of this chart an attempt was made to compare the degree of fracture 
healing shown in roentgenograms, taken at approximately weekly intervals, from the 
time of fracture. The healing of the fracture occurred most rapidly and the fractured 
bone was restored to a more nearly normal roentgenographic appearance in the rats 
of the group receiving the normal stock diet. From a roentgenographic standpoint there 
was very little evidence of healing of the fractures in the group of rats with active 
rickets. Addition of cod liver oil to the rickets-producing diet, either at the time of 
fracture (Group 2) or at the beginning of the dietary portion of the experiment (Group 
3) resulted in very definite improvement in the rate and degree of fracture healing, but 
none of the rats in these 2 groups developed as large bones and the fractures did not 
heal as rapidly nor as completely as did those receiving the stock diet without any vita- 
min supplement (Group 4). A direct correlation is shown between the inorganic phos 
phate content of the blood serum of the rats sacrificed 44 days after fracture and the 


INFLUENCE OF VITAMIN D UPON BONE REPAIR 





883 








extent of healing as shown in the roentgenograms. 


within 2 weeks after fracture, and by the time 
the experiment ended it was not possible to 
tell that they had ever been fractured in so far 
as function was concerned. The rats in all of 
the 3 other groups were slower to recover use 
of the fractured extremities. In the group that 
was constantly fed the rickets-producing diet, 
some of the rats were never able to use the 
injured limb. The rats fed the normal diet 
were more than twice as large and were much 
more active than were those in the 3 other 
groups. In this experiment, as well as those to 
follow, the inorganic phosphorus was deter- 
mined by the method of Fiske and Subbarow 
and the calcium was determined by the meth- 
od of Fiske and Logan, with a slight modifica- 
tion. 

Acute vitamin D deficiency, which produced 
rickets in rats, appeared to be a definite factor 
in causing delayed union and non-union of 
compound fractures of both the radius and 
tibia. The compound fractures were not in- 





fected and the wounds through which the 
bones were exposed, healed by primary inten- 
tion. Additions of vitamin D to the deficiency 
diet either prevented or cured rickets. The 
addition of this supplement, however, did not 
raise the quality of the diet to that of the 
stock diet, as evidenced by the fact that the 
rats in Group 4 developed more rapidly and 
their fractures healed more promptly than did 
those of any other group. 


EXPERIMENT 2: SIMPLE FRACTURES OF 
THE TIBIA 


The rats were divided into 3 groups. Group 
3, which in Experiment 1 had received cod 
liver oil in addition to the rickets-producing 
diet from the time of beginning the experi- 
ment, was omitted. 

Three weeks after beginning the special 
diets, one tibia of each rat was fractured at 
about the level of the middle and upper thirds. 
No splints were used. With the exception of 
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Fig. 5. Experiment 1, Group 3. The rats in this group 
were given the rickets-producing diet with cod liver oil 
added from the beginning of the experiment. They did not 
develop rickets. Compound fractures were created in one 


TABLE II.—EXPERIMENT 2. SIMPLE FRACTURES 
OF ONE TIBIA: ANALYSES OF POOLED BLOOD 
OF THE RATS OF EACH GROUP SACRIFICED 
6 WEEKS AFTER FRACTURE 
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No Mgm. Mem. calcium per 
G *“; |phosphorus 100 C.cm. serum 
yroup of | 
rats |. Per 100 | 
| ~ \¢.cm. serum Results 
I. “Rickets producing diet , | 4:7 | 10.4 No union: active 
| | rickets 
2. C ‘od liver oil added to | 
rachitic diet after | 
fracture 8 4.4 11.2 All united 
3. This group not included | 
in this is experiment _- — } _ 
4- Normal control 8 | 7.2 9.8 Large bones, well 


| united 


*Diets i in in all 3 groups were begun on December 17, 1934; date fractures 
were performed was 1-8-35. 
**Group 3 was not included in this experiment. 

tAll rats in Groups 1, 2, and 4 were sacrificed on February 20, 1935. 





11-28-34 12-19-34 
radius and one tibia of each rat on November 6, 1934. 
These roentgenograms show healing of the fractures of rats 
Nos. 6, 7, and 8 in from 22 to 43 days after the operation. 


PROTOCOL OF EXPERIMENT 2: —_ OF X- 
RAY EXAMINATIONS* 


Date Group 1 Group 2** | Group 4 








Active rickets; | Active rickets; very| | No rickets 
small bones with} thin, porotic 
thin ¢ cortices | bones 


I-17-35 No union and no | No union and no | Callus and begin 














callus callus ning union in all 
1-24-35 — Faint callus Abundant callus; 
} all united 
1-30-35 | No mien and no | Callus and begin- | Union with good 
ning union in all; | ossification 


rickets healing | 








| 

| 

callus 
| —_ 
Union in all | Solid bone union 


| of tibie and 
| fibule 


2-7-35 | No union; faint 
callus in one rat 
tibia 





Bones large and 
medullary canals 
reforming 


2-15-35 No union Union in all 








Excellent bone Bones large and 
regeneration in medullary canal 
all reforming 


2-20-35 1} Bevianing union 
| in No. 5 which 
was incompletely} 
| fractured 


| 
| 
| | 
| 
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Fig. 6 


Fig. 6. Experiment 1, Group 4. Stock diet. The rats in 
this group were larger and the bones were better developed 
than were those of any of the preceding groups. The com- 
pound fracture of the radius and tibia of each rat was made 
November 6, 1934. Within 22 days, functional union had 
occurred at the site of each fracture. At the end of 34 days 
the medullary canals at the fracture levels had been re- 
established. The rate and quality of healing of fractures 
in this group on the normal stock diet, without the addition 
of a vitamin D supplement, was definitely better than in 
any of the groups in which a mineral-vitamin D deficiency 
diet had been maintained, either separately or in combina- 
tion with cod liver oil. 

Fig. 7. Experiment 2, Group 4, Rat No. 1. Normal 
stock diet. Photomicrograph of tibia of rat in the control 
group of the second experiment. This shows strong bone 
union with the abundant callus completely ossified. 


those in Group 1, these rats were using the 
fractured leg within 2 to 3 weeks after frac- 
ture. Within 4 to 6 weeks, function of this 
extremity appeared to be entirely normal. 
Some of the rachitic rats did not recover use 
of the fractured extremity. Toward the end 
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Fig. 8. Experiment 3. Roentgenograms, made 43 days 
after fracture, of the tibizw of all of the surviving rats in 
Groups 4, 1, and 3. These roentgenograms show that the 
development of the bones and the rate and degree of healing 
of the fractured tibia of the rats of Group 4 which were fed 
of the experiment the rats fed the normal 
stock diet were nearly twice as large as were 
those of any other group. All of the rats were 
sacrificed 6 weeks after fracture. The pooled 
blood from each group was analyzed for inor- 
ganic phosphorus and calcium. The fractured 
bones were removed, roentgenographed, fixed 
in celloidin, and microscopic sections were pre- 
pared. The results were quite similar to those 
obtained with the compound fractures. No 


a normal stock diet and the rats of Group 3 which received 
the rachitic diet with the cod liver oil supplement are more 
advanced than are those of the rats which were kept con- 
stantly on the deficiency diet (Group 1). 


definite bone union occurred in the rats with 
active rickets. The rickets in the rats of Group 
1 continued active throughout the experiment. 
At the termination of the experiment inor- 
ganic phosphorus of the rachitic group was not 
as low as it had been in the same group in 
Experiment 1. 

In Group 2, in which cod liver oil was added 
to the rickets-producing diet at the time of 
fracture and continued until the end of the 
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Fig. 9. Experiment 3, Group 1, Rat No. 3. Active 
rickets 43 days after fracture. Photomicrographs (low and 
high power) showing active rickets. There is angulation at 
the site of fracture. Note the feeble attempt toward 
osteoplastic union between the ends of the fracture frag- 
ments, the poorly calcified, but moderately abundant sub- 
periosteal fibrous, a, and cartilaginous, 6, callus, and the 
partial absorption of the thin cortices of the fracture frag- 
ments contained within the callus. 

Fig. 10. Experiment 3, Group 2, Rat No. 1. Active 
rickets when fractured, then cod liver oil added. Photo- 
micrograph 43 days after fracture. The rickets is healed. 
The fracture has united and the callus is moderately well 
ossified. A small area of fibrous tissue, a, is still contained 
within the fracture site. 

Fig. 11. Experiment 3, Group 3, Rat No. 1. The cod 
‘iver oil supplement was added to the rickets-producing 
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diet 3 weeks before fracture and continued throughout the 
experiment. Rickets did not develop. The tibia of this 
animal is smaller and the cortices are thinner than those of 
the rats on the control stock diet. The fracture has healed, 
but in the line of fracture there is a transverse zone of 
decreased density representing an incomplete pseudar- 
throsis partially filled by fibrous tissue. Cortices of the 
fracture fragments have been extensively absorbed but the 
medullary canals of the 2 fragments are still separated by a 
thin zone of cortical bone. 

Fig. 12. Experiment 3, Group 4, Rat No. 3. Normal 
stock diet. No rickets. Photomicrograph 43 days after 
fracture. The tibia is larger and the cortices are thicker 
than are those of other groups. There has been complete 
osseous union at the site of fracture with re-establishment 
of most of the medullary canal. Absorption of the cortices 
of the fracture fragments is still incomplete. 
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Chart 2. Experiment 3, rate of union of simple fractures of tibia (rats). This 
chart, prepared from study of the roentgenograms and the blood chemistry determi- 
nations of the rats used in Experiment 3, duplicates the findings charted for Experiment 1, 
in which the fractures were of 2 bones and were compounded. The inorganic phos- 
phate factor is seen to be of greater significance than the percentage of calcium, as far 


as the rate or degree of fracture healing is concerned. 


experiment, all of the fractures united and the 
animals were using the extremities normally at 
the time they were sacrificed. The bones of 
the rats in Group 2 were larger and better 
formed than those of Group 1. The fractures 


TABLE IIIl.—EXPERIMENT 3. SIMPLE FRAC- 
TURES OF ONE TIBIA: ANALYSES OF POOLED 
BLOOD OF THE RATS OF EACH GROUP 43 
DAYS AFTER FRACTURE 









































co. » Mg am | age. 
. “ \Phosphorus| calcium . 
Group =i |" per 100 | per roo Results 
° |c.cm.serum|c.cm.serum 
1. Rickets-producing diet | 9 2.9 | * Active rick- 
throughout the experi- | | | ets; none 
ment united but 
| | faint cal- 
lus 
2. Cod liver oiladdedto | 9 | 4.6 | 1x2.1 Larger 
rickets-producing diet bones; all 
after fracture | united 
3. Cod liver oil plus rick- | 9 ;. £2 | we Quite simi- 
ets-producing diet | lar to find- 
from start of experi- | | | ings in 
ment | Group 2 
4. Normal control | 10 6.6 10.1 Excellent 
| union all 
Nes; Os- 
seous de- 
velopment 
better 
than in 
any other 
group 





*Some of the rats in this group had died. There was not enough serum 
for calcium determinations. 


in the group fed the normal stock diet united 
within 2 to 3 weeks; the bones were large and 
the medullary canals had been restored. 

We were reasonably convinced from Experi- 
ment 2 that a well balanced stock diet led to 


PROTOCOL OF EXPERIMENT 3: RESULTS OF 
X-RAY EXAMINATIONS* 





Date Group 1** Group 2 Group 3 Group 4 


























4-6-35 | Active rick- | Active rickets| No rickets No rickets; 
ets but bones well devel- 
were oped bones 
smaller 
than those 
of Group 4 
4717-35 | No union; Faint callus; | Small All showed 
no callus rickets amount of abundant 
healing callus callus 
4-24-35 | No union Rickets Moderate All uniting; 
healed; all callus but callus con- 
showed good| not united solidating 
callus 
5-3-35t| No union All 9 rats All united Excellent union 
showed bone with ossifi- 
union cation 
5~8-35 | Faint callus | Excellent Excellent All showed 
shadow in union union bony union 
3 rats but 
no union 
5-17~35 | Faint callus;} Boneslarger | Medullary Medullary 
no union; than those canals be- canals re- 
rickets still} in Group 1 ing re- established 
active stored 











*Diets in all 4 groups were begun on March 12, 1935; date fractures were 
performed was 4-5-35. 
“Nine rats were used in each group except Group 4 in which there 
were I 
{Three rats in Group 1 died between May 3, 1935 and May 8, 1935. 
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the development of healthier, stronger bones 
which healed more rapidly following fracture, 
and the quality of union was much better than 
in the bones that were atrophic because of 
subacute vitamin D deficiency as noted in 
Group 3 of Experiment 1, or in the case of 
active rickets. We decided to attempt to con- 
firm or to correct this impression by repeating 
Experiment 2 and including Group 3. 


EXPERIMENT 3: SIMPLE FRACTURES OF TIBIA 


The plan of Experiment 3 was identical 
with that of Experiment 2, with the exception 
that Group 3, which included the rats fed the 
rachitic diet plus cod liver oil for 3 weeks 
before fracture and continued after fracture 
until they were sacrificed, was included. These 
rats were sacrificed 43 days after fracture and 
the pooled blood from each group was ana- 
lyzed for its calcium and phosphorus content. 
The results of this experiment are shown in 
Table III and more graphically in Chart 2. 

The results of the analyses of the blood 
serum pooled from the rats of each of the 4 
groups in Experiment 3 show findings quite 
similar to those of Experiments 1 and 2. 

The photomicrographic sections show bet- 
ter development of the bones and better heal- 
ing of the fractures of the rats fed a normal 
stock diet than could be demonstrated in any 
other group (Fig. 7). There was no osseous 
union of the fractures in the group that still 
had active rickets. Healing of the fractures, 
the quality of bone, and the restoration of 
unction seemed to be in direct proportion to 
‘he maintenance or re-establishment of the 
normal content of inorganic phosphorus in the 
blood serum. 


DISCUSSION 


The histology of healing fractures in rats fed 
diets low in total salt, calcium, and phos- 
phorus, and in rats fed normal diets, has been 
described in detail by Downs and McKeown. 
Using a similar technique, Goisman and Com- 
pere were able to demonstrate that the healing 
of fractures of atrophic bones produced by a 
diet low in calcium progressed to a stage of 
complete bony union at a rate comparable to 
that observed in animals fed a normal stock 
diet. The total amount of bone laid down in 
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repair was less and the new trabeculae and 
cortices of the bone were definitely thinner in 
those animals fed the deficient diet than in 
those constantly receiving a diet adequate in 
calcium. In some instances union of the atro- 
phic bones occurred more quickly although the 
quality of the union was never better than the 
quality of the bone which had been fractured. 

In the study which is presented here, it 
would seem quite definite that fractures of 
bone affected by active rickets heal poorly. 
Fibrous union occurred, but calcification was 
delayed in each instance by active rickets. 
Non-osseous union and pseudarthrosis were 
found in the majority of the fractures of ra- 
chitic bones after the rats were sacrificed. As 
demonstrated from observation of rats, from 
the roentgenograms, the blood chemistry de- 
terminations, and photomicrographic sections, 
the animals which were kept on a normal stock 
diet throughout, without additional supple- 
ment of vitamin D, developed more rapidly, 
were definitely larger, had longer and larger 
bones, and the fractures healed more prompily 
than did the treated or untreated rachitic 
rats. Normal function was restored in from 2 
to 3 weeks with complete bony union of the 
fractures and restoration of the medullary 
canals both in the compound and in the simple 
fractures. The rats which were fed the rickets- 
producing diet until the time of fracture and 
then were treated by adding cod liver oil as a 
supplement until they were sacrificed, showed 
healing of the rickets and of the fractures. 

The results obtained in the rats of Group 3 
which were fed the vitamin D supplement in 
addition to the rickets-producing diet from 
the time of the beginning of the experiment 
were similar to those of Group 2, which had 
the vitamin D supplement added at the time 
of the fracture. In neither of the 2 groups did 
the rats grow as large, the bones as long, the 
cortices as thick, nor the diameter of the shafts 
as wide as did the rats fed the unre-enforced 
stock diet, and fractures were definitely slower 
in healing. 

In the previously reported study of Goisman 
and Compere, it was shown that the adminis- 
tration of an excess of vitamin D or calcium 
carbonate or both of these elements to the diet 
of rats previously fed a diet low in calcium or a 
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normal stock diet, did not hasten the rate or 
the quality of the healing of fractures. Grauer, 
and Jones and Robson have demonstrated 
degenerative changes in the bones and re- 
tardation healing of fractures as a result of 
the feeding of excessive or toxic doses of vita- 
min D. 

Our studies indicate the importance of in- 
cluding in the diet sufficient vitamin D to 
supply the basal requirement for the growth or 
repair of bones of growing animals. We may 
postulate a need of vitamin D supplement for 
adults whose diet may have been deficient in 
mineral or vitamin content producing osteo- 
porosis or osteomalacia. Where either type of 
skeletal change is demonstrated we may be 
justified in prescribing vitamin D in thera- 
peutic amounts. It would seem reasonable to 
assume that such therapy would be of value in 
the treatment of fractures in these types of 
cases. Knoflach has reported that vitamin D 
added to the diet of patients over 55 years of 
age aided greatly in fracture healing, but he 
was not able to see any benefit from the vita- 
min D supplement in younger patients. If 
true, these observations would seem to indi- 
cate that chronic vitamin D deficiency (sub- 
clinical) is common among elderly patients. 

Within the past few years many clinicians 
have been prescribing enormous doses of vita- 
min D in the form of purified concentrates. 
Some of them have advocated both the addi- 
tion of vitamin D and calcium to the diet of 
patients who had sustained fractures. Unless 
these patients are suffering from chronic or 
acute vitamin D deficiency it is possible that 
such excessive amounts of vitamin D con- 
centrates may cause non-union or delayed 
union, since prolonged use of such large doses 
of vitamin D may not only delay healing of 
fractures but produce degenerative changes in 
the bones of experimental animals. 


CONCLUSIONS 


1. Acute vitamin D deficiency in growing 
rats, if continued long enough to produce ac- 


tive rickets, may cause delayed or non-union’ 


of fractures. 

2. The addition of vitamin D in therapeutic 
doses to the rickets-producing diet was found 
to prevent or to heal the rickets and to bring 
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about more rapid and a better quality of he::|- 
ing of fractures of the bones of rats. 

3. Bone growth and development was d:f- 
initely retarded in the rats kept constantly on 
the vitamin D and phosphorus deficiency dict. 
In each of the experiments the rats in this 
group were smaller, the bones shorter and 
more fragile than were those of the other 3 
groups. 

4. Rats receiving no vitamin D supplement 
but kept consistently on the well balanced 
stock diet developed more rapidly, and at the 
termination of the experiment were twice as 
large as those in the other 3 groups. The 


bones were proportionately larger and stronger 
and fractures in the bones of the rats in this 
group healed more rapidly, function was re- 
stored more promptly, and at the end of the 
experiment it was difficult to observe any 
defect in the appearance or the function of the 
extremity in which the fracture had occurred. 
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STUDIES OF THE ANALEPTICS: I. CORAMINE 


R. W. WHITEHEAD, M.A., M.D., and W. B. DRAPER, M.S., M.D., 


Denver, Colorado 


N a previous paper (4) dealing with the 
acute safety of ether, divinyl ether, and 
chloroform, we emphasized the fact that 
an anesthetic death should be regarded 

as a failure of .resuscitation. The studies of 
resuscitation from respiratory arrest produced 
by these drugs showed that prompt artificial 
respiration combined with the administration 
of oxygen is highly efficient. In practice, these 
measures are usually supplemented by one of 
the analeptics. We are attempting in this 
series of studies to determine the value of cer- 
tain of these drugs for this purpose. 

Among the analeptics, one of the most 
commonly employed is _ pyridine-beta-car- 
bonic acid diethylamide, studied extensively 
by Uhlmann in 1924 and popularly known as 
“coramine.”’ This substance is reputed to have 
an “awakening action” in various types of 
narcosis and to stimulate the severely de- 
pressed respiratory center. Although numer- 
ous experiments have been conducted to de- 
termine its value in barbiturate and avertin 
narcosis, there have been few controlled stud- 
ies dealing with its antidotal action against 
the inhalation anesthetics. 

The experiments reported in this paper deal 
with the effect of coramine upon the minimal 
dose of ether and of chloroform required to 
produce respiratory arrest in dogs and with 
its influence upon the probability of resuscita- 
tion from a rapidly administered overdose of 
these agents. 


THE EVALUATION OF AN ANALEPTIC 


The satisfactory clinical determination of 
the value of an analeptic presents two serious 
difficulties which arise from the necessary 
absence of control experiments. In the first 
place, the physician can never be quite sure 
that the dose of the depressant acting would 
be certainly fatal in the absence of treatment. 
Secondly, he is not free to use his patient’s 
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condition as an opportunity for an experi- 
mental study of a drug but must do every- 
thing in his power to aid recovery. Acceptable 
evidence of the value of an analeptic is almost 
impossible to obtain under these handicaps. 

The laboratory worker has the great ad- 
vantage of being able to administer deliber- 
ately a measured fatal dose of a depressant 
to his experimental animal under a standard- 
ized set of conditions. He is thus enabled to 
assay the antidotal efficiency of an analeptic 
agent against doses of the depressant known 
to be fatal. This type of data can be obtained 
only in the experimental laboratory. 

As the following brief analysis shows the 
antidotal action of coramine varies with (1) 
the physiological conditions existing at the 
moment, (2) the depth of the narcosis, (3) the 
particular depressant against which it is em- 
ployed, and (4) the dose of the drug. 

1. Physiological conditions at the moment. 
The response of the cells of the respiratory 
center to a stimulant is an expression of their 
specialized function. Here, as elsewhere in the 
body, anoxemia injures the specialized func- 
tion first. Consequently, as asphyxia becomes 
more acute, the vigor of the center’s response 
to stimulation progressively diminishes with 
the result that the best of the analeptics be- 
come unreliable just when their action is 
needed most. 

Not only do the respiratory stimulants lose 
most of their potency in the extremity of 
asphyxia but, occasionally, after producing a 
brief and ineffectual action, they actually ap- 
pear to hasten cessation of breathing. Not 
infrequently, we have seen this “therapeutic 
paradox” develop during the course of our 
experiments, and it is our observation that 
such animals are usually difficult to resusci- 
tate. 

The explanation for this phenomenon is 
probably as follows: Intensification of the 
activity of the respiratory neurons necessarily 
increases their rate of oxygen consumption. 
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If this increased activity fails to improve their 
oxygen supply immediately, acute anoxemia 
and death of the center will quickly follow. 
Whether or not, therefore, the injection of an 
analeptic will precipitate failure of breathing 
by this mechanism depends upon the ability of 
the stimulated respiratory and circulatory 
functions to increase the oxygen supply to the 
medulla without delay. For this reason, when 
an analeptic is injected in the treatment of 
asphyxia, particular care should be taken to 
maintain a free airway and to enrich the oxy- 
gen content of the inspired air. 

If our understanding of the physiology of 
this condition is correct, oxygen is the best 
and probably the only safe respiratory stimu- 
lant for use when asphyxial death is imminent. 

2. Depth of narcosis. The first compre- 
hensive investigation dealing with the antago- 
nism of coramine to the narcotics was carried 
out by Kohlhoff (1928). He found that cora- 
mine (50 milligrams per kilogram intraven- 
ously) interrupted a moderate paraldehyde 
narcosis in rabbits for a period of about 10 
minutes. An increase of this dose, or, the ad- 
ministration of a series of injections within a 
short time, did not strengthen this effect. In 
deep narcosis the response to even large doses 
of coramine was very slight. Killian reported 
that coramine overcame the light narcosis 
produced in rabbits by a dose of 150 to 200 
milligrams per kilogram of avertin. Barlow, 
on the basis of a very large series of experi- 
ments, concluded that coramine will not over- 
come the deep narcosis produced in rabbits by 
300 milligrams per kilogram of avertin. A 
similar difference between the antidotal action 
of coramine against light and deep narcosis 
was observed by Guns. This worker obtained 
stimulation of respiration during very light 
chloroform narcosis only. In the presence of 
deep chloroform narcosis it produced either 
no effect or was actually a depressant to the 
respiration. In rats Wagner found that cora- 
mine had an awakening effect in light chloral 
hydrate narcosis but when used against a 
deep narcosis the duration of sleep was pro- 
longed. Similar results are reported by Zipf, 
Windschus and Kokoschka. 

We may conclude, therefore, that the anti- 
dotal action of coramine is experimentally 
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demonstrable against only the lighter levels 
of narcosis. An antagonism against the deeper 
levels of narcosis has not been satisfactorily 
shown. There is even considerable evidence 
that under these circumstances coramine may 
act as a synergist to the depressant. 

3. Nature of the depressant. Kohlhoff found 
coramine somewhat more antidotal to paralde- 
hyde than to chloral hydrate. According to 
Maloney and Tatum, coramine is more or 
less capable of stimulating the respiratory 
center depressed by urethane, chloral hy- 
drate, avertin, and ether but is ineffective 
against barbiturate depression. Completely 
negative results were obtained by Axmacher 
against barbital narcosis in rabbits. Moritsch 
found that 40 milligrams per kilogram of 
coramine intravenously definitely deepened 
barbital narcosis in rabbits. On the other 
hand, Lendle obtained marked stimulation of 
the respiration depressed by morphine. When 
pernocton or avertin was used he found that 
coramine prolonged the narcosis. 

It is evident from the experiments cited 
that the antidotal efficiency of coramine prob- 
ably varies with the depressant. 

4. Dose of coramine. Eichler and Klein 
found that 100 milligrams per kilogram of 
coramine intravenously improved the de- 
pressed respiration produced in rabbits by 
200 milligrams per kilogram of avertin but 
when a higher dose of coramine was used 
(above 120 milligrams per kilogram) the 
respiratory depression was intensified. Ma- 
loney employed coramine against the depres- 
sion produced in rats by 200 milligrams per 
kilogram of barbital. This dose of barbital is 
only two-thirds the minimum lethal dose for 
rats and of itself produced no fatalities in the 
untreated controls. Doses up to 150 milli- 
grams per kilogram of coramine had no 
demonstrable antidotal action. When the de- 
pression was treated by 200 milligrams per 
kilogram, the animals were aroused for an 
average of 1 hour but subsequently became 
renarcotized and, as compared with the con- 
trols, recovery from the poisoning was de- 
layed. After a dose of 300 milligrams per 
kilogram of coramine the narcosis was light- 
ened for a time but soon a convulsive state 
developed which later passed into a deep de- 
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pression during which over 60 per cent of the 
animals died as compared with none of the un- 
treated controls. When the dose of coramine 
was increased to 400 milligrams per kilogram 
the depression was deepened without evidence 
of a preliminary awakening action and all the 
animals died. From Maloney’s extensive ex- 
periments, therefore, it appears that the 
smaller doses of coramine have no antidotal 
action against barbital in rats and that the 
larger doses are so consistently synergistic to 
its toxic effects that a combination of the 2 
drugs results in a high mortality. 

Hildebrandt concludes in his recent review 
of the available data, that, although a degree 
of antagonism to depressants may be elicited 
with the lower doses of coramine, the use of 
higher doses is apt to intensify the depression. 
This is in sharp contrast to the view frequently 
expressed in the clinical literature (Wood) to 
the effect that coramine possesses a wide mar- 
gin of safety. This assertion is probably true 
when restricted to the margin between the 
doses causing respiratory stimulation and 
death of unnarcotized animals. It is appar- 
ently quite incorrect when applied to the mar- 
gin between the doses causing respiratory 
stimulation and respiratory depression of 
deeply narcotized animals. 


TECHNIQUE EMPLOYED 


Measured per kilogram doses of ether and 
chloroform were administered to healthy 
mongrel dogs by the method described in a 
previous paper (4). In brief, the apparatus is 
essentially a closed soda lime absorption sys- 
tem having approximately 5.5 liters capacity, 
within which the anesthetic is volatilized in 


an atmosphere of pure oxygen. The mask 
contains a rubber diaphragm through which, 
by means of a syringe and needle, the dose of 
the anesthetic is injected on to a wire screen 
for volatilization. The mask is fitted tightly 
to the dog’s muzzle by means of a rubber face 
piece. Every effort was made to prevent gas 
leakage at this point and the entire system 
was checked frequently for leaks. Volatiliza- 
tion of the anesthetic is rapidly completed 
and the drug develops its maximum effects 
within an average period of 2 minutes. Experi- 
ments were performed at intervals of 4 days. 


The minimal dose of each of the two anes- 
thetics required to produce an apparently 
permanent respiratory arrest was established 
for each animal by repeated experiments. For 
this purpose the initial dose employed was 
below the average of the series. It was then 
increased or decreased as required until we had 
determined the amount of the drug which pro- 
duces an apparently permanent respiratory ar- 
rest in not less than 2 of 3 consecutive experi- 
ments and which, when reduced by 10 per cent, 
produces arrest in not more than 1 of 3 consecu- 
tiveexperiments. When therespiratory paraly- 
sis had lasted 15 seconds the mask was removed 
and the animal was resuscitated by artificial 
respiration and the administration of oxygen. 
After the minimal dose for respiratory arrest, 
as defined above, had been determined for 
each individual dog, a second series of 3 anes- 
thesias each consisting of the minimal dose for 
respiratory arrest was administered. As soon 
as the animal passed into surgical anesthesia, 
a dose of 37.5 milligrams per kilogram of 
coramine was injected intravenously. (This 
dose of coramine is equivalent for the average 
adult human to to cubic centimeters of the 
commercial 25 per cent solution.) In the 
event of respiratory arrest the animal was re- 
suscitated by the same method used for the 
controls. 

The use of this technique has enabled us to 
study the influence of coramine upon the in- 
dividually determined minimal dose for respi- 
ratory arrest of ether and of chloroform for 
dogs and to assay its efficiency as an aid to 
resuscitation following the minimum cer- 
tainly fatal dose of these agents. 


EXPERIMENTAL RESULTS 


In the 19 animals given chloroform the 
minimal dose for respiratory arrest ranged 
from 0.145 cubic centimeters to 0.257 cubic 
centimeters per kilogram with a median of 
0.185 cubic centimeters per kilogram. It is 
of interest to note that, by analogy, this would 
place the fatal dose of chloroform adminis- 
tered by the closed technique at less than 13 
cubic centimeters for an average adult human. 
Undoubtedly many would die following a 
much smaller dose. The potency of the vola- 
tile anesthetics rapidly administered in a 
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closed system is thus much greater than is 
generally realized. The probable explanation 
for this phenomenon lies in the fact that, fol- 
lowing a very rapid absorption the vital cen- 
ters of the medulla receive an unduly large 
proportion of the drug as compared with the 
rest of the body. The danger associated with 
very rapid induction of anesthesia is obvious. 

In the 1o animals given ether the minimal 
dose for respiratory arrest ranged from 1.1 
cubic centimeters to 2.8 cubic centimeters per 
kilogram with a median of 1.75 cubic centi- 
meters per kilogram. 

The individual variation in susceptibility 
shown in our control experiments may appear 
unduly large to those unfamiliar with bio- 
logical assay, but is probably no greater than 
has often been encountered in similar studies 
both in animals and in man. This question of 
individual variation in susceptibility was dis- 
cussed in some detail in our previous paper (4). 

Although the various individuals of a popu- 
lation undoubtedly differ greatly in suscepti- 
bility, it has been our experience that the 
susceptibility of any one dog tends to remain 
constant during a considerable series of anes- 
thesias. That our dogs responded consist- 
ently is clearly shown by the great reduction 
in the percentage of respiratory arrests ob- 
tained when the minimal dose for respiratory 
arrest was reduced by 10 per cent. The accu- 
racy of our method for determining the mini- 
mal dose for respiratory arrest of inhalation 
anesthetics is also illustrated by the fact that 
both the median minimal doses for respiratory 
arrest of ether and chloroform in this series of 
animals are within 6 per cent of those found 
in our previous group (4). In both series of 
dogs the ratio of the chloroform-ether minimal 
dose for respiratory arrest was found to be 
1:9.4. We recognize, of course, that such ex- 
act correspondence of results must be acci- 
dental but we feel that our method provides 
controls of sufficient accuracy to permit bio- 
assay of the analeptic action of drugs. Our 
results are briefly summarized in Table I. 

It is apparent from Table I that, although 
the percentage of respiratory arrests can be 
diminished by reducing the minimal dose for 
respiratory arrest of the anesthetic by 10 per 
cent, the use of coramine is without effect. 
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TABLE I.—INFLUENCE OF CORAMINE. ON THE 
MINIMAL DOSE REQUIRED TO PRODUCE 
RESPIRATORY ARREST 











Total 
adminis- 
trations 
of 
Ether M.D.R.A. 


*M.D.R.A. alone 28 8 36 78 


Per cent 
of arrests 
to total of 
adminis- 

trations 


Respira- 
tory 
arrests 


Non- 
arrests 











M.D.R.A. plus coramine 21 7 28 75 


M.D.R.A. reduced by 
ro per cent 4 12 16 25 








Chloroform 


M.D.R.A. alone 





7 64 89 








M.D.R.A. plus coramine 


M.D.R.A. reduced by | 
10 per cent 6 9 35 17 


_*The M.D.R.A. is the (M)inimal (D)ose required to produce (R)es- 
piratory (A)rrest. 
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CORAMINE AS AN AID TO RESUSCITATION 


Every scientist recognizes the truth of the 
ancient maxim, ‘“The proof of the pudding is 
seen in the eating.” Similarly, claims for 
analeptic action are best tested during re- 
suscitation. Unfortunately, this fact has not 
always received the consideration it deserves. 

During the course of the experiments de- 
scribed we have carried out 161 resuscitations 
from the measured minimal dose of ether and 
chloroform for respiratory arrest. This has given 
us the opportunity to determine the influence 
of coramine upon the probability of resuscita- 
tion. In g5 control experiments, resuscitation 
was carried out by means of artificial respira- 
tion and the administration of oxygen alone. 
In the remaining 66 experiments, 37.5 milli- 
grams per kilogram of coramine were injected 
intravenously with the onset of surgical anes- 
thesia. Fifteen seconds after respiratory arrest 
the animal was resuscitated by the same means 
employed for the controls. Our experience is 
summarized in Table II. 

As Table II shows, there were no failures to 
resuscitate from the minimal dose of ether 
required for respiratory arrest in 53 attempts 
either with or without coramine. We have 
been unable, therefore, to obtain any informa- 
tion concerning the value of coramine in the 
treatment of ether overdose. There was no 
indication that coramine increased the ease or 
speed of resuscitation. Occasionally, a tempo- 
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TABLE II.—INFLUENCE OF CORAMINE ON THE 
PROBABILITY OF RESUSCITATION 


Per cent of 
failures to 
resuscitate 


Failures to 


Respiratory € 
resuscitate 


Ether arrests 
*M.D.R.A. without 
coramine 32 


M.D.R.A. with 
coramine 21 





° fone] 





° 0° 





+ 
| 
| 
| 


Chloroform | 


M.D.R.A. without | 
coramine | 63 4 





6 





M.D.R.A. with | 
_coramine _ | 45 _—— 2 — 

*M.D.R.A. is the (M)inimal (D)ose required to produce (R)espiratory 
(A)rrest. 


| 
| 
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rary stimulation of the respiration occurred, 
especially when the injection happened to 
be made relatively early in the surgical stage 
of anesthesia, but usually this did not persist 
into the late toxic stage. 

The higher mortality from chloroform over- 
dose provides a much better opportunity of 
studying the influence of coramine upon the 
ease and certainty of resuscitation. As indi- 
cated in the table, the use of coramine almost 
doubled the mortality from an overdose of 
chloroform. 


IMPORTANCE OF THE CIRCULATORY 
EFFECTS OF AN ANALEPTIC 


Although the respiratory and circulatory 
functions are equally necessary for life, yet, 
from the viewpoint of resuscitation, there is 
an essential difference. By means of artificial 
respiration, etc., it is possible to efficiently 
substitute for failure of breathing but for 
cessation of circulation little or nothing can 
be done. The end-result, therefore, of any 
attempt at resuscitation depends ultimately 
upon the behavior of the circulation. For this 
reason the action of an analeptic upon the 
circulation must be of much greater impor- 
tance than its respiratory effects. Notwith- 
standing this, certain substances considered 
by pharmacologists to be potential cardiac 
poisons (3, 25) have been used as analeptics. 

Experimental investigations of the circula- 
tory action of coramine have yielded some- 
what equivocal results. It seems well estab- 
lished that coramine, under favorable cir- 
cumstances, is capable of raising the blood 
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pressure. Stross and Van Esveld believe that 
the pressor effect is due entirely to a central 
action. This stimulation of the vasomotor 
center appears to be part of a generalized 
medullary excitation which involves, in addi- 
tion, the respiratory, cardio-inhibitory, and 
vomiting centers. The results obtained by 
several investigators indicate that the pressor 
action is often absent when the blood pressure 
has been lowered by circulatory poisons. Thus 
Issekutz found that severe circulatory col- 
lapse induced by chloroform was not im- 
proved by coramine. On the contrary, it 
caused a prolonged fall in blood pressure and 
dilatation of the heart. Somewhat more favor- 
able results were obtained by Russu and 
Sparchez who report a few experiments in 
which coramine apparently prevented ad- 
renalin-chloroform collapse. Trendelenburg 
found coramine inactive against cardiac and 
vasomotor insufficiency whether produced by 
novocain, histamine, or chloral hydrate. 

A favorable action on the contractions of 
the isolated heart following perfusion by a 
1:50,000 solution of coramine was described 
in 1924 by Uhlmann but a number of sub- 
sequent workers (Trendelenburg, Gremels, 
Leyko, Gollwitzer-Meier, and Peters and 
Visscher) have failed to confirm his results. 

The results of Peters and Visscher are 
worthy of comment. Using the Starling 
heart-lung preparation, these workers found 
that coramine dilates the heart and diminishes 
its output and metabolic efficiency. 

Thus a review of the available data seems 
to indicate that the central vasopressor action 
of coramine is frequently absent in severe 
poisoning and that the drug exerts no sig- 
nificant favorable action upon the _insuf- 
ficient heart. Certain investigators have 
found it even definitely injurious. 

The injurious effects upon the chloroform- 
poisoned heart observed by Issekutz and 
others are an adequate explanation for the 
fact that, in our hands, the use of coramine 
almost doubled the mortality from an over- 
dose of chloroform. 


SUMMARY AND CONCLUSIONS 


1. A new method for the determination of 
the analeptic value of drugs is proposed. 
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2. Coramine does not increase the dose of 
ether or chloroform required to produce respi- 
ratory arrest in dogs. 

3. Resuscitation by means of artificial res- 
piration and the administration of oxygen 
from respiratory arrest produced by meas- 
ured doses of ether was uniformly successful 
in 53 attempts with or without the use of 
coramine. There was no evidence that cora- 
mine increased the ease or speed of resusci- 
tation. 

4. In 63 experiments, during which respi- 
ratory arrest was produced by measured 
doses of chloroform, there were 4 or 6 per cent 
failures to resuscitate by means of artificial 
respiration and oxygen. In 45 similar experi- 
ments in which, in addition to this procedure, 
coramine was injected just before respiratory 
arrest, there were 5 or 11 per cent failures to 
resuscitate. Thus, the use of coramine, in our 
hands, almost doubled the mortality from an 
overdose of chloroform. 
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CERVICAL STUMP CARCINOMA 


MARION E. BLACK, M.D., Cleveland, Ohio 


CLINICAL study of a series of our 
cases of carcinoma of the cervix was 
prompted by the increasing number 
of cancers of the cervix we have seen 

following supracervical hysterectomy. Over a 
5 year period, from July, 1932, to July, 1937, 
234 consecutive cases of carcinoma of the 
cervix were admitted to the University Hos- 
pitals of Western Reserve University. The 
diagnosis in each case was substantiated by a 
histological study of tissue removed by biopsy. 


AGE INCIDENCE, RACE, AND PARITY 


On admission, 157 patients (67 per cent) 
were between the ages of 40 and 60; 39 (16.6 
per cent) were over 60 years of age. There 
were 38 patients under 40 years of age; 7 
patients were between 25 and 29 years. There 
were 9 patients between 70 and 79 years. The 
youngest patient was 25 years of age; the 
oldest 73 years. The average age for the 
entire group was 49 years (Table I). 

There were 190 (81.2 per cent) white pa- 
tients; and 44 (18.8 per cent) colored. The 
multipare numbered 211 (90.2 per cent); 
there were 23 (9.8 per cent) nullipare. 


MENOPAUSE, MENARCHE RELATIONSHIP AND 
REGULARITY OF THE MENSTRUAL CYCLE 


In this group data were complete in 215 
eases. Sixty-two patients (28.8 per cent) in 
the premenopausal group had not exhibited 
any of the nervous manifestations of the 
menopause, and their periods had been regular 
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TABLE I.—AGE INCIDENCE 
Patients Per cent 
2.9 
13.2 
35-9 
3.2 
12.8 
3.8 
*The youngest patient was 25 years; the oldest, 73 years; average 
age, 49. 


Decade* 


prior to the onset of symptoms. One-hundred 
five patients (48.8 per cent) were definitely in 
the menopause when their symptoms began. 
In 48 patients (22.3 per cent) no definite symp- 
toms of the menopause existed except irreg- 
ular bleeding which may have been due to 
the existing carcinoma. 

This group includes the 19 patients who had 
had a supracervical hysterectomy. 

The pre- and postmenopausal groups were 
checked for the age at menarche, and the 
records were complete in 164 cases. In the 
postmenopausal group 108 had an average 
menarche age of 13.5 years. The premeno- 
pausal group of 56 cases had an average 
menarche age of 13.5 years. 

From the records 182 cases were obtained 
with accurate menstrual history. In the post- 
menopausal group 117 (64.2 per cent) had a 
regular cycle up to the menopause; 4 (2.2 per 
cent) had an irregular cycle. In the premeno- 
pausal group 60 (32.9 per cent) had a regular 
cycle; 1 (0.5 per cent) had an irregular cycle. 

The occurrence of carcinoma as to premeno- 
pausal and postmenopausal grouping con- 
forms to the age incidence of the entire group 
studied. The menarche relationship and the 
regularity of the menstrual flow were similar 
to that found in a group of non-cancerous 
patients (Table IT). 


TABLE II 


Menopausal Relationship 
Number Per cent 
Premenopausal 62 28.8 
Postmenopausal 105 48.8 
Intermediate 48 22.3 


Menarche Relationship 


Number Average age of onset 


Per cent 
Premenopausal 56 
Postmenopausal 108 


13.5 
13.5 
Regularity of the Menstrual Cycle 
Number 

Regular 117 

Irregular 4 

Regular 60 

Irregular 


Per cent 
Postmenopausal 64.2 
group 
Premenopausal 


group 
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TABLE III.—ASSOCIATED LESIONS AND PRE- 
VIOUSLY EXISTING PELVIC LESIONS 


Patients 

Type of lesion Number Per cent 
Fibromyoma uteri 6.8 
Secondary anemia 
Syphilis 
Diabetes mellitus 
Salpingitis, chronic 
Atypical hyperplasia endometrium 
Pyometra 
Ectopic pregnancy 
a rere 
Carcinoma elsewhere 
Procidentia uteri 
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ASSOCIATED LESIONS AND PREVIOUS 
PELVIC LESIONS (TABLE III) 


The occurrence of fibromyoma in this group 
was the most frequently associated lesion, oc- 
curring in 16 patients (6.8 per cent). There 
was a surprisingly low number of patients 
with secondary anemia, 14 (5.9 per cent), in 
view of the fact that the most common com- 
plaint was vaginal bleeding. 

Diabetes occurred in 9 (3.8 per cent), and 
syphilis in 13 (5.5 per cent). The degenerative 
diseases, generalized arteriosclerosis and hy- 
pertensive cardiovascular disease, were the 
most commonly found, which would be ex- 
pected in a group of patients in which the 
average age is 49 years. Ten patients had gall- 
bladder disease or their condition had been 
previously diagnosed as such. 

The most common associated pathological 
lesion of the pelvis, excepting fibromyoma, 
was chronic salpingitis in 6 (2.5 per cent) 
patients. Five patients (2.1 per cent) had 
atypical hyperplasia of the endometrium. Five 
(2.1 per cent) had had previous salpingec- 
tomies for ectopic pregnancy. Four (1.7 per 
cent) had an existing pyometra at the time of 
radiation. Pelvic abscess occurred in 3 (1.3 
per cent) cases. One patient had a complete 
procidentia uteri. 

Concomitantly with malignancy of the cer- 
vix, cancer occurred elsewhere in 3 patients 
(1.3 per cent); 1 had an epithelioma of the 
face, 1, malignancy of the left breast; and 1, 
scirrhous carcinoma of the stomach. 


PREVIOUS PELVIC OPERATIONS (TABLE IV) 


A previous pelvic operation had been per- 
formed in 49 patients (20.9 per cent) 19 of 
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TABLE IV 


Patients 

Previous pelvic operations 
Unilateral salpingectomy 
Unilateral oophorectomy 
Unilateral salpingo-oophorectomy 
Suspension of the uterus 
Bilateral salpingectomy 
Bilateral salpingo-oophorectomy 
Bilateral oophorectomy 
Trachelorrhaphy 
Drainage of pelvic abscess............ 
Interposition operation 
Cauterization of the cervix........... 
Amputation of the cervix 
Myomectomy 
Supracervical hysterectomy 


Number Per cent 


14. 
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whom had supracervical hysterectomies. Sev- 
en patients (14.2 per cent) had unilateral 
salpingectomies. Three patients (6.1 per cent) 
had unilateral oophorectomies; three (6.1 
per cent) had unilateral salpingo-oophorec- 
tomies; three (6.1 per cent) had suspensions of 
the uterus. Two-patients (4.1 per cent) had 
bilateral salpingectomies; 2 (4.1 per cent) had 
bilateral salpingo-oophorectomies; 2 (4.1 per 
cent) trachelorrhaphies; 2 (4.1 per cent) bi- 
lateral oophorectomies; and 2 (4.1 per cent) 
drainage of the pelvis for a pelvic abscess. 
One patient each had the following: inter- 
position operation, amputation of the cervix, 
and myomectomy. 


PRECEDING SYMPTOMS AND THEIR DURATION 
‘ (TABLES V AND VI) 


The predominating symptom was vaginal 
bleeding, occurring in 187 patients (79.9 per 
cent). This varied from intermenstrual spot- 
ting to menorrhagia and metrorrhagia. Vag- 
inal discharge occurred in 94 patients (40.1 
per cent), in the form of a foul, watery, white, 
or brown discharge. A watery discharge was 
the most common type found. Backache oc- 
curred in 28 (11.9 per cent). Loss of weight 
was noted in 26 (11.1 per cent). Bleeding, in 
the form of spotting only after intercourse or 
douching was present in 24 (10.2 per cent), 
not associated with any other type of bleeding 
and apparently entirely due to trauma. There 
was frequency of urination, dysuria, or noc- 
turia in 46 (19.6 per cent), and constipation 
in 12 patients (5.1 per cent). The majority of 
the patients had 2 or more of the above symp- 
toms. There were 25 patients who had no 
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TABLE V.—PRECEDING SYMPTOMS 


Patients 
Number Per cent 

Vaginal bleeding a eraaniterro tases 187 79.9 
ee Ee ee 04 40.1 
Lower abdominal pain.............. 60 25.6 
Backache........ OER ARR RO ear ee pee ae 28 II.9 
ee DE Re ere ror 26 S7.2 
Spotting after intercourse, douching.. . 24 10.2 
Frequency of urination, dysuria, 

SERRE RARBG ERS Oe evo agorerren te 46 19.6 
Rn re 12 ..% 
No history of bleeding.............. 25 10.7 


TABLE VI.—DURATION OF SYMPTOMS BEFORE 
DIAGNOSIS 


Patients 
Time Number Per cent 
4... 4 3 Serre raters 185 79.0 
fo fe eer ere 49 20.9 


history of bleeding and whose only complaint 
was a vaginal discharge usually associated 
with backache or lower abdominal pain. 

The duration of symptoms varied from 1 
week to 1o years before the diagnosis was 
made. There were 185 patients (79 per cent) 
whose duration of symptoms before diagnosis 
was 1 week to 1 year; 49 patients (20.9 per 
cent) whose duration of symptoms was over 
1 year, and 1 patient who had shown marked 
irregular bleeding for the past 10 years. Most 
of this patient’s symptoms could be accounted 
for by causes other than the existing carci- 
noma. A fair estimate of the average dura- 
tion of symptoms due alone to carcinoma 
is difficult to evaluate. Taking the first group 
as a fair estimate, the average duration of 
symptoms would be 4% months. The rela- 
tively short duration of symptoms and the 
usual finding that the growth has spread 
beyond the cervix, as shown in this series 
and as has been stated in the literature, dem- 
onstrate the importance of a careful cervical 
examination as part of any adequate physical 
check-up in women. Pomeroy estimates 8 
months as the average interval between the 
onset of symptoms and the time the patient 
first sees the doctor. 


TYPE OF CARCINOMA AND CLINICAL CLASSIFI- 
CATION OF EXTENT OF GROWTH 


There were 215 patients (91.9 per cent) 
who had squamous-cell carcinoma; 19 (8.1 
per cent) had adenocarcinoma of the cervix. 


TABLE VII 
Patients 
Type of carcinoma Number Per cent 
Re ere ere 215 91.9 
PERTERTCTOUM. 5.55565 5 cs ences 19 8.1 
Patients 
Clinical classification Number Per cent 
TM nc Wace ricenatelgcalsiare mid ere wot 21 8.9 
IT WEN ov arsine pi ccoininee es 154 65.8 
I rsa lorcet a ota ws sven te oes ieee 33 14.1 


*Out of the 234 patients, only 8.9 per cent were limited to the cervix 


The clinical classification used is that of the 
American College of Surgeons. Twenty-one 
patients (8.9 per cent) were classified in Group 
A (limited to the cervix). There were 154 
patients (65.8 per cent) in Groups B and C 
(broad ligament and vaginal involvement). 
Thirty-three patients (14.1 per cent) were 
classified in Group D (wide fixation). There 
were 26 patients not clinically classified. 


TREATMENT 


Only the initial treatment during the pa- 
tients’ hospitalization is reported. Of the 
total number 190 patients were given radium 
in the form of radium tube in the cervical 
canal or implantation of radium seeds in the 
cervix. The usual treatment was a combina- 
tion of the tube and radium seeds. The average 
dosage of radium was 4,742 millicurie hours. 

Fourteen patients (5.9 per cent) were con- 
sidered too far advanced for any treatment. 
Eleven patients were treated by panhysterec- 
tomy and 3 patients by vaginal hysterectomy. 
These cases with operation include 8 patients 
on whom vaginal or abdominal panhysterec- 
tomy was done and carcinoma of the cervix 
was found incidentally. Four patients re- 
ceived deep x-ray therapy only. Five patients 
were given deep x-ray therapy to be followed 
by radium. In 7 patients previous diagnosis 
had been made and treatment carried out 
elsewhere for carcinoma of the cervix. 

Complications following treatment. This in- 
cludes only the initial complications during 
the patients’ hospital stay. The average length 
of the hospital course was 5 days. Complica- 
tions occurred in 10 patients (4.2 per cent). 
Two patients developed pelvic peritonitis. 
Two patients had a phlebitis of the saphenous 
vein. The following complications were each 
noted once; stricture of the urethra, recto- 
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TABLE VIII.—AGE—STUMP CARCINOMA 


Patients 
Years Number Per cent 
RR estas scale gical ania sam A eeeereneree 52.6 
SRA eee he ee SS ice eae 26.3 
MIE a hanna ken armor es Me sae cKens ar.1 


vaginal fistula, pyometrium, necrosis of the 
uterine artery with a fatal hemorrhage, peri- 
tonitis from an instrumental wound of the 
uterus, and an instrumental wound of the 
uterus with no complication. There has been 
no follow-up on any of the patients studied 
because diagnosis was made in all and treat- 
ment was carried out in the last 5 years. 


INCIDENCE OF CARCINOMA OF THE CERVIX 
FOLLOWING SUPRACERVICAL HYSTERECTOMY 


Of the 234 carcinoma patients coming to 
the hospital during the past 5 years, 19 or 8.1 
per cent had had a supracervical hysterectomy 
previously. Diagnosis of the carcinoma of 
the cervix in all cases was made 2 or more 
years after the operation, so that it is rea- 
sonable to believe that at the time of the 
subtotal hysterectomy, the carcinoma was not 
present. 

Ten of the patients or 52.6 per cent de- 
veloped cancer from 2 to 4 years following 
the operation. In 5 patients or 26.3 per cent 
the cancer occurred 8 to 10 years following the 
operation, and in 4 patients or 21.1 per cent 
it occurred 20 to 36 years after the operation. 
The shortest interval was 19 months (this 
occurred in only one patient) and the longest 
interval was 36 years. 


AGE, PARITY, AND RACE IN STUMP 
CARCINOMA 


The average age for the group of 19 patients 
was 49 years; the same average age as found 
for the entire group of 234. Sixteen patients 
(84.2 per cent) were multipare; three (15.7 
per cent) were nullipare, which shows a 
higher percentage of nulliparz than that found 
in the entire group. This is in accord with the 
figures published by Meigs who found 25 per 
cent of stump cancer occurred in nullipare. 
Von Graff found 22 per cent of 300 stump 
cancers had never been pregnant. 

Fifteen patients were white (78.9 per cent) 
and 4 were colored (21.1 per cent). 


STUMP CARCINOMA gor 
CLINICAL CLASSIFICATION OF EXTENT OF 
GROWTH IN STUMP CARCINOMA 


The grouping of the estimated involvement 
present was that suggested by the American 
College of Surgeons. Upon this basis 2 pa- 
tients (10.5 per cent) were class 4 A (limited 
to the cervix). Ten patients (52.6 per cent) 
were classes 4B and 4C (extension to the 
vaginal wall and involving the broad liga- 
ments). Four patients (21.1 per cent) were 
class 4D (wide fixation). Three patients 
(15.8 per cent) were not classified as to extent 
of growth. 

Type of carcinoma. Seventeen patients 
(89.4 per cent) had squamous-cell carcinoma. 
Two patients (10.5 per cent) had adenocar- 
cinoma. 

REMARKS 

In this clinical review the data collected 
conforms with that which has been reported 
in the literature. The balancing together of 
the relatively short duration of symptoms, 
likely to be confused with menopausal changes, 
and the far advanced stage of the carcinoma 
when found, leads inevitably to the poor re- 
sults in treatment universally reported in the 
literature. 

Particularly interesting is the 8.1 per cent 
of stump cancer found in this review. Ward 
and Sackett report in their clinic 56 cases in 
752 patients, a percentage of 7.4. The interval 
in 25 cases was less than 3 years; and more 
than 3 years in 31 cases. Farrar, at Women’s 
Hospital in New York, found stump cancer 
which had developed one or more years after 
hysterectomy in 7 per cent of the cervical 
cancers. Meigs in 1218 cervical cancers found 
26 or 2.1 per cent. This he presented as the 
corrected figure from 80 stump cancers found, 
eliminating 22 which were recurrences in the 
vault following panhysterectomy and 23 found 
within 1 year after operation, probably pres- 
ent at the time of operation, and 9g cases fol- 
lowing subtotal hysterectomy for adenocar- 
cinoma of the fundus. Healy and Arenson 
found 67 stump cancers (2.6 per cent) among 
2600 cancers of the cervix at the Memorial 
Hospital, New York. 

Nuttall and Todd divide their cases of car- 
cinoma of the cervical stump into 2 groups as 
to prognosis: Group A, carcinoma present at 
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the time of operation; and Group B, car- 
cinoma discovered 2 or more years after 
hysterectomy. The prognosis in Group A is 
bad, analogous to results obtained in car- 
cinoma elsewhere in the body, because of the 
presence of a malignant process an incom- 
plete operation is done. In our findings all 
stump cancers occurred 2 years or more fol- 
lowing supracervical hysterectomy; but 52.6 
per cent were discovered in the 2 to 4 year 
period following the operation. 

Schiller emphasizes the prodromal stage of 
carcinoma of the cervix, i.e., months to sev- 
eral years may elapse before the surface can- 
cer becomes active and begins to penetrate 
the deeper tissues. This Schiller designates as 
the primary stage of carcinoma of the cervix. 
The activation of a precancerous lesion of the 
cervix by a subtotal hysterectomy in the 52.6 
per cent of the cases seems to be a definite 
possibility. This, in our opinion, is a potent 
argument in favor of the total operation. 

The importance of pre-operative examina- 
tion of the cervix, when a hysterectomy is con- 
templated, and especially the subtotal opera- 


tion, must bestressed. When the subtotal opera- 
tion has been performed, the patient’s cervix 
should be observed at regular intervals after 
operation making use of all modern methods 
of examination, the colposcope, the iodine 
test, as advocated by Schiller, followed by a 
study of tissue removed at biopsy from any 
suspicious lesion thus demonstrated. 
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UNUSUAL LESIONS OF MUSCLES AND TENDONS 





OF THE SHOULDER GIRDLE AND UPPER ARM 


EDGAR LORRINGTON GILCREEST, M.D., F.A.C.S., and PIERO ALBI, M.D., 


San Francisco, California 


O surgeon ever sees many ruptures 
of muscles of the shoulder girdle 
and upper arm and, therefore, 
even a report of a few cases and a 

review of the literature should be enlightening. 
We shall confine our remarks to lesions of the 
deltoid, supraspinatus, serratus magnus, pec- 
toralis major, subscapularis, coracobrachialis, 
triceps, and biceps muscles. 


LESIONS OF THE DELTOID MUSCLE 


The deltoid muscle is an abductor of the 
arm, and its 3 portions, anterior or clavicular, 
acromial or intermediate, and scapular or pos- 
terior take part in this motion of elevation (41). 
According to Duchenne (41), the posterior 
fibers alone cannot abduct the arm more than 
to 45 degrees, while the anterior ones are the 
most powerful and are capable of abducting 
the arm to go degrees. 

Lesions of the deltoid may involve the mus- 
cle itself or its nerve, or both. These lesions 
may or may not be associated with injuries to 
other muscles or nerves; they may follow di- 
rect or indirect trauma, or an inflammatory 
process of the muscle, nerve, or surrounding 
structures (5). Lesions of the axillary nerve, 
formerly called circumflex, are usually the 
most common cause of paralysis, and often 
are associated with paralysis of other muscles 
of the shoulder girdle (43). 

In a review of the literature, we found that 
Bunts reported and tabulated 19 cases of 
isolated injury to the circumflex nerve; of 
these, 8 were the result of dislocation and 7 
of a contusion of the shoulder. He also re- 
viewed the history of nerve injuries about the 
shoulder joint and said that paralysis of the 
arm as a complication of luxation of the shoul- 
der had been mentioned by Erasistrete in 
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300 B.c., and reported by Galen in his Officina 
Medici. According to Bunts, however, it was 
not until Desault mentioned an injury to the 
deltoid muscle itself following luxation of the 
shoulder, that this lesion received recognition 
which has increased since then. In our review 
of the literature, we have been unable to find 
any case reported of injury to the deltoid mus- 
cle itself with the exception of the one by 
Clemens in 1913. This was a case of trau- 
matic hernia of the deltoid muscle in a man 
whose arm was suddenly jerked when his co- 
worker by mistake dropped one end of a 
track they were moving. The patient felt 
intense pain in his arm, and later in the middle 
of the right deltoid noticed a tumor which 
caused him pain when moving the arm. This 
tumor became bigger and harder on contrac- 
tion of the deltoid; and while the patient com- 
plained of it a great deal, he was not incapaci- 
tated. He declined operation. Clemens at 
that time commented on the rarity of a hernia 
of the deltoid muscle and stated that he had 
been unable to find a single case reported in 
the literature. Davis, in 1919, reported a 
case of detachment of the deltoid muscle from 
its bony origin following suppuration due to 
osteomyelitis of the right clavicle. He de- 
scribed how he had bridged the gap between 
the retracted deltoid and its normal origin by 
implantation with fascia from the thigh. 
Smith and Christensen, in 1925, said that 
the mechanism of production of paralysis of 
the deltoid muscle is not explained in the re- 
peated references found in the literature. They 
reported 2 cases of paralysis with definite so- 
lution of continuity of the circumflex nerve 
one inch from the origin, which followed blows 
on the shoulder and which was verified at 
operation. They emphasized that even com- 
mon shoulder injuries, without penetration or 
lacerations, may result in a complete and 
permanent paralysis of the deltoid muscle. 
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Symptoms of traumatic lesions of the del- 
toid muscle vary according to type and ex- 
tension of the injury and the time elapsed 
after the injury. Those involving the muscle 
itself are easily recognized by the alteration 
in contour of the shoulder which is increased 
on active movements of the deltoid muscle 
and more so on movements performed against 
resistance. The alteration of contour will de- 
pend also on the site and extent of the lesion. 
Usually it is in the body of the muscle, more 
so toward the lower attachment (Figs. 1 and 
2). At this point one may see and feel a groove 
or hiatus, the depth of which varies according 
to the extent of the lesion, and proximal to the 
hiatus is a tumor which hardens and increases 
in size and may move proximally on active 
abduction of the arm. This tumor, like all 
subcutaneous muscular ruptures, is not at- 
tached to the skin and is movable under it 
when the muscle is relaxed, and becomes more 
fixed when it is contracted. There may or 
may not be an extensive ecchymosis, accord- 
ing to the time when the rupture is seen. Usu- 
ally it is more evident a few days after the 
injury and may extend down to the hand. 
When the lesion involves the axillary nerve 
itself (Sherren believes this not as common as 
textbooks infer) or the fibers of other brachial 
plexus nerves, the symptomatology is different 
and the extent of paralysis depends on where 
the lesion is produced, i.e., the cervical, axil- 
lary, or humeral portion of nerve (5). 

Usually there is a paralysis of the deltoid 
muscle which atrophies. The contour of the 
shoulder is flattened. This wasting away of the 
muscle makes the acromion process more 
prominent. The head of the humerus, how- 
ever, does not tend to fall away from the 
glenoid cavity as it does when the spinatous 
muscles also are affected (43). As Bunts has 
remarked, ‘the appearance is not at first 
glance unlike that of dislocation of the shoul- 
der joint. . . . In extreme cases the great re- 
laxation and thinning of the deltoid make it 
possible to feel the groove between the neck 
of the scapula and the head of the humerus, 
and it has very frequently occurred that this 
deformity has been incorrectly diagnosed or 
interpreted as an unreduced dislocation of the 
head of the humerus (5).”’ 








Sensory changes always accompany injuries 
to the axillary nerve, these changes involving 
loss of epicritic and protopathic sensibility 
over an area corresponding to the deltoid 
muscle (43). 

Diagnosis at times is made easily by inspec- 
tion in cases of rupture of the muscle. The 
tumor at this site, which changes its size and 
consistency on active movements, the hiatus, 
etc., are all sufficient signs to make a diag- 
nosis of rupture. When atrophy and paralysis 
are present instead, the diagnosis is more dif- 
ficult, as the problems then to be solved are: 
recognition of a nerve injury, its type, its 
location, and its extension. The reactions of 
degeneration of various nerves and muscles of 
the shoulder girdle and sensory changes have 
to be investigated. Sherren has laid down the 
rule that “paralysis of the deltoid without 
sensory changes is due to interference with 
the function of the fifth cervical nerve and not 
with the circumflex.” 

The functional disability, prognosis, and 
treatment also depend on the extent of the 
lesion and whether it involves the muscle, the 
nerve, or both. Injuries to the axillary nerve 
alone, or to other nerves, are always followed 
by a severe degree of paralysis which may 
involve the other muscles besides the deltoid, 
thus increasing the functional disability and 
making the prognosis practically hopeless. 
This is true especially if ankylosis follows the 
paralysis as a result of a failure of develop- 
ment of synergistic muscles. If the deltoid 
alone is involved, other muscles in the shoul- 
der which normally have a synergistic action, 
may develop and assume a compensatory 
action (5). Such function, however, by care- 
ful and intelligent development may be as- 
sumed by other muscles the action of which 
normally is not synergistic to that of the del- 
toid, such as the serratus magnus, middle part 
of the trapezius, and pectoralis major (50). 
The supraspinatous muscle alone, or with these 
other muscles, has been reported to have as- 
sumed the function of the deltoid. 

Bunts has stressed the necessity of ex- 
amining for injury to the axillary nerve after 
a dislocation of the shoulder with consecutive 
compression of the nerves and vessels in the 
axilla, or following blows or falls on the shoul- 
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der in which instance the mass of the deltoid 
may not act as a sufficient protective layer. 
Thus we would often make a more serious 
prognosis in injuries which at first may appear 
to be insignificant. 

Treatment. Injuries to the deltoid muscle 
are to be repaired as soon as possible, and the 
after-treatment consists of an abduction splint 
at go degrees in a slightly forward position 
from 3 to 4 weeks, supplemented by gentle 
massage and heat starting about 1 week after 
the repair. This is to be followed by passive 
abduction of the shoulder by stooping-over 
exercises as outlined by E. A. Codman. The 
treatment of injuries to the nerves depends on 
the extent of damage produced, and ranges 
from the usual treatment of a neuritis to 
neurolysis or neurorrhaphy for the restoration 
of the continuity of the injured nerve or nerves. 
This is done by suturing the torn ends and by 
freeing the adhesions and cicatricial tissue 
which follow the trauma and which, especially 
in “aged individuals in whom a tendency to 
neurofibrosis exists” (5), is also apt to lead to 
actual complete paralysis of the nerves from 
the pressure exerted upon the circumflex 
nerve or its branches by the surrounding 
fibrous tissue (5). 

While on the subject of injuries to the del- 
toid muscle and the axillary nerve, let us re- 
member the damage that may be done by the 
surgeon who operates on the shoulder, espe- 
cially for bursitis, and carries his incision on 
the lateral aspect of the shoulder for a distance 
greater than 6 centimeters from the tip of the 
acromion. If this is done, severing the axillary 
nerve is unavoidable with resulting paralysis 
of the fibers of the deltoid muscle anterior to 
the incision. Mayer, in 1937, reported 3 such 
instances following an operation for the repair 
of ruptured supraspinatous tendons. 

In cases of severe atrophy of the deltoid, 
many plastic operations have been devised 
to substitute for the lack of power of abduc- 
tion of this muscle, such as transplanting of 
the pectoralis, etc. Lemperg reported a case 
in which he shortened the clavicle, and suc- 
ceeded in pulling the deltoid over the acromion 
to about the middle of where it inserts. He 
obtained a good functional result (abduction 
to go degrees), and a fairly good cosmetic one 








with the exception of a slight winging of the 
scapula. 


RUPTURE OF THE SUPRASPINATOUS TENDON 


Codman, of Boston, has been a pioneer in 
lesions of the supraspinatus and the suba- 
cromial bursa. His remarkable book, The 
Shoulder as well as his various articles, chiefly 
considers lesions of that muscle and its tendon, 
and is a masterpiece of surgical literature, 
worthy of careful study by all desiring to 
become familiar with a much neglected sub- 
ject. Never before have the anatomy, physi- 
ology, and pathology of the shoulder been so 
thoroughly reviewed and discussed. 

Patients with lesions of the supraspinatous 
muscle are disabled from carrying on any 
laborious occupation because of the important 
réle played by this muscle and tendon in the 
function of the shoulder. When one famil- 
iarizes himself with the subject, he cannot but 
agree with Codman that all of these patients, 
even those in which we are in doubt, should 
be given the benefit of an exploratory incision 
which, in many cases, can be carried out under 
local anesthesia. If a lesion of this important 
structure is found, it can be remedied, thus 
returning the patient to work weeks if not 
months sooner than if a conservative line of 
treatment had been carried out. 

We shall not go into detail about the diag- 
nosis of this lesion other than to emphasize 
that any time a patient has pain or weakness 
in the shoulder on abduction of the humerus 
and a tender point just below the tip of the 
acromion, one must consider the probability 
of a lesion of the supraspinatous muscle. One 
may also palpate, if the patient is not too fat or 
too muscular, a small sulcus. If, with the pain 
and weakness, there is an alteration of the 
scapulohumeral rhythm on movements of 
abduction or adduction, and if these move- 
ments can be performed more easily when the 
patient is examined in the stooping position 
with the arm hanging down, the diagnosis 
offers little difficulty. 


LESIONS OF THE SERRATUS MAGNUS 
(ANTERIOR) MUSCLE 
Judging by the paucity of the literature on 
the subject, it would be logical to assume that 
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injury to the serratus magnus is rare. Fitchet, 
however, wrote in 1930 that he believed ‘“‘the 
scarcity of information about this injury is 
due not so much to its rarity as to its being 
overlooked by the examiner.” 

From the literature we have found only 8 
cases of rupture reported: 1 by Morf, in 1874, 
1 by Skillern, in 1913, 1 by Lockhart, and 5 by 
Fitchet, in 1930. Skillern mentioned a con- 
tribution by Gower and monograph by Berger, 
in 1875, which covered many aspects of the 
subject. He also noted that Hecker, Jobert, 
and Fuehrer reported patients in whom para- 
lysis followed heavy work that required fre- 
quent energetic lifting of the arm. He also 
added that Weisner attributed the injury in 
these cases to violent alteration of the entire 
supraclavicular fossa in shape and position. 

The chief function of this muscle is to main- 
tain the scapula against the thorax and to 
assist in rotating it when the arm is elevated. 
It is also a powerful aid to inspiration (41). 
Its antagonists are the rhomboids, the tra- 
pezius, and the levator scapule muscles. It 
is innervated by the long thoracic nerve (the 
posterior thoracic nerve, the long external 
respiratory nerve of Bell). The different mus- 
cles have a complicated action and any “loss 
of function of any one or more in a large measure 
might be compensated for by the others (12).” 

Rupture of this muscle or paralysis of its 
nerve prevents the patient from elevating the 
arm more than go degrees. When the arm is 
held horizontally in front, the scapula, espe- 
cially its inferior angle and vertebral edge, 
separates from the chest like a door on hinges 
producing the winged scapula (Fig. 3). 

A motor or a muscular lesion may result 
following a direct or indirect trauma such as a 
fall, a blow, a compression of the nerve as it 
traverses the scalenus medius after emerging 
from its superficial position, or unloading of 
heavy objects by a short quick shrug of the 
shoulder. Skillern reported a case of paralysis 
which occurred in a laborer working at a ma- 
chine. He was required to reach forward with 
his arms 800 times during the night. Berk- 
heiser and Shapiro also mentioned inflamma- 
tion of the nerve as a complication to febrile 
diseases such as typhoid, influenza, diphtheria, 
or puerperal sepsis. They reported 4 cases of 


concussion of the long thoracic nerve, 3 of 
which followed injury to the shoulder, and 1 
of which was associated with the effort of 
bearing-down maneuvers during childbirth. 

The patient’s complaints are usually weak- 
ness, pain, stiffness, lameness, inability to 
raise his arm higher than the level of his shoul- 
der, and inability to work. 

A diagnosis of winged or alar scapula is 
made easily by inspection. Berkheiser and 
Shapiro wrote, however, that the difficulty of 
differentiating between a traumatic rupture 
of the serratus magnus at its insertion to the 
scapula and an injury to the long thoracic 
nerve of Bell is very great because of the in- 
accessibility of the motor points of the serratus 
magnus muscle. Many times only the result, 
that is the amount of return of function, ob- 
tained by “immobilization in the position of 
election for relaxation of the involved mus- 
cles,” will permit a differentiation between a 
motor or a muscular lesion. They believe that 
nerve concussion rather than muscular rup- 
ture is the factor directly responsible in these 
cases which respond to conservative treat- 
ment. 

The treatment at first should consist in 
putting the arm at rest in an abducted posi- 
tion, preferably in a cast, with the arm slightly 
forward. This should be followed later by 
heat, gentle massage, stimulation by the 
faradic current, and muscle training exercises. 

Berkheiser and Shapiro believe that alar 
scapula following trauma is more often the 
result of an injury to the nerve of Bell than 
to laceration of the serratus magnus. They have 
obtained complete recovery in 4 cases as late as 
18 months after the onset of the paralysis by 
constant immobilization in a plaster shoulder 
spica cast in a position which held the scapula 
close to the thoracic wall and the serratus 
magnus muscle relaxed. 

Operative procedures should be postponed 
as a last resort. Skillern has proposed a suture 
between the proximal end of the short sub- 
scapular nerve to the distal end of the long 
thoracic nerve Fitchet has suggested that 
as “the short subscapular nerve is about equal 
size, of the same origin, and is in close proxim- 
ity to the long thoracic,” the short subscapu- 
lar might be used. 
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Fig. 1. Case 1. Partial rupture of right deltoid muscle. 


Others (51) have considered transplanta- 
tion of muscles, such as the latissimus dorsi 
over the inferior angle of the scapula, to de- 
crease the deformity, and transplantation of 
the clavicular origin of the pectoralis major to 
the serratus magnus or the axillary border of 
the scapula. The vertebral border of the 
scapula may be fixed by fascial transplants 
through drill holes drilled through its border 
at different points corresponding to transverse 
processes of the thoracic vertebre. This 
would help to stabilize the scapula and some- 
what improve the function of the shoulder. 

The prognosis should be guarded in such a 
lesion. If only the muscle is involved and the 
patient is seen early and proper treatment is 
instituted, the outlook is favorable for a com- 
plete recovery. After that the amount of re- 
covery, as in all shoulder and muscular lesions, 
is commensurate with the delay in beginning 
treatment. -If the injury involves the nerve 
primarily, the degree of recovery will depend 
on several factors, namely, “the early recog- 
nition, the extent of the anatomical lesion, the 
nutritional state of the paralyzed muscle and 
the extent of the secondary changes in the 
antagonists.” The nerve may be only com- 
pressed or contused or the muscle may be 
severely damaged by lacerations. If this 
muscle cannot be stimulated to react to the 
faradic or galvanic currents, no time should 
be lost in considering surgical intervention, or, 
in lieu of that, the other muscles of the shoul- 
der girdle should be re-educated to take on 
some of the function of the disabled serratus 
magnus. 
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Fig. 2. Case 2. Partial rupture of right deltoid. 
LESIONS OF PECTORALIS MAJOR MUSCLE 
As this muscle is an important one in 

adduction and in internal rotation of the arm, 

a tear of any size proves very disabling. Such 

a lesion occurs much more often than one 

realizes, especially in athletes. Letenneur, 

in 1861, reported one case, that of a truckman 
injured when one of the wheels of his truck ran 
over his shoulder. Letenneur wrote at the 
time on the facility of healing of subcutaneous 
ruptures of muscles and tendons and the 
rapidity of restoration to health, which in cer- 
tain cases had “‘made doubtful the existence 

of the lesion.”’ At that time he stated he did 

not know of any case of rupture of the pec- 

toralis major having been reported. 

This case had unquestionable signs of a 
direct rupture of the muscle, i.e., swelling of 
the mammary region, a sulcus between it and 
the shoulder, inability to adduct the arm, 
induration and enlargement of the tumor on 
adduction, and at the point of rupture the 
anterior wall of the axilla was formed only by 
skin with no trace of the great pectoral. Leten- 
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Fig. 3. Case 3. Lesion of right serratus magnus. 


neur wrote that with conservative treatment 
this case recovered completely in 15 days with 
formation of cicatricial tissue at the level of 
the ruptured muscle. 

In 1873, Smart reported one case. In 1885, 
Malinovski reported one case. This case was 
one of rupture at its distal attachment to the 
humerus. Mandl, in 1925, reported a case 
which occurred in a gymnast while he was 
swinging on rings and attempting to rotate 
his body in its long axis through 360 degrees.’ 
Mandl found 3 cases reported in the current 
literature all of which occurred in well de- 
veloped muscular subjects during the per- 
formance of gymnastic exercises. 

McKelvey, in 1928, reported a partial rup- 
ture which occurred in a boxer and wrote that 
“to produce such a lesion the muscle must 
have been contracted violently while on the 
stretch.”” He was able to find only 5 cases in 
the literature. 

Von Eiselberg mentioned having seen in the 
Billroth Clinic a case with a suppurating 


'He was not seen until 112 years after the accident. The muscle had 
not been sutured and some weakness of the arm persisted. 


hematoma following a partial rupture of the 
pectoralis major. 

In 1932, Borchers reported 1 case and foun! 
reports of 10 others in the literature. He came 
to the conclusion that tears are not uncommon 
but that they are often not diagnosed. 

Pirker, in 1934, also remarked that cases of 
tears of the pectoralis muscle are seldom 
found in the literature although this injury 
occurs occasionally in gymnasts. In com- 
menting on a case of rupture reported by 
Borchers and Tontscheff, which was the result 
of a direct trauma on a contracted pectoral 
muscle, Pirker said that the site of rupture is 
either in the abdominal or in the sternocostal 
portion, one third of a hand’s breadth from 
the insertion of the humerus, and that seldom 
does such a tear occur in the muscle attached 
to the sternum. A complete rupture of the 
origin of this muscle has never been reported. 

A diagnosis is possible only when in the 
pectoral region one can elicit a swelling and 
an indentation which become more pronounced 
on adduction of the arm against resistance. 
The impairment of function is directly in re- 
lation to the extension of the tear. Treatment 
depends on the disturbance of function and 
may require suture or even a plastic opera- 
tion. 

In sharp contrast with these tears and com- 
plete ruptures occurring in athletes, Dr. C. B. 
Horton, of Toronto, Canada, wrote to us of a 
lesion occurring in a chronic invalid. He said, 
“‘an aged imbecile at the Ontario Hospital for 
the Insane had been completely helpless for 
years and had to be fed and cared for. One 
morning on going the rounds the attendant 
reported that this man had a large swelling 
with an ecchymotic appearance in the region 
of the left pectoralis major muscle. I was not 
aware of the cause until a day or two after- 
ward when I explored the hematoma with the 
intention of evacuating the clot and of hasten- 
ing recovery. I found a complete rupture of 
the pectoralis major with the upper portion 
drawn into a tense mass at the anterior border 
of the axilla and the lower portion forming a 
raised edge along the costal origin of the mus- 
cle. It is my present recollection that the 
clavicular portion of the muscle was unai- 
fected. There was no history of injury, and 
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Fig. 4. Case 4. Complete rupture of the mid-portion of 
the right coracobrachialis muscle. The rupture is made 
conspicuous by the extreme internal rotation of the 
arm. 


the rupture evidently occurred while the pa- 
tient was in bed.” 

Moulonguet, in 1924, also reported a case 
of spontaneous rupture of the great pectoralis 
muscle in a man 72 years old. He interpreted 
the rupture as due to senility, probably pro- 
duced by a sudden change of temperature 
from an overheated place to cold and humid 
air. An autopsy performed 3 weeks after the 
rupture revealed a large hematoma in the 
pectoral region containing one quart of blood. 
The ends of the great pectoral were torn, 
shredded, and free in the cavity occupied by 
the hematoma. Microscopic examination re- 
vealed granular disintegration. He concluded 
that in a review of the literature an infectious 
myositis or a dystrophic one (such as in 
scurvy) was mentioned as the cause of patho- 
logical muscular rupture. This observation 
proved that senile alterations of muscle are 
susceptible of being complicated by a spon- 
taneous rupture with abundant hemorrhage. 


RUPTURE OF SUBSCAPULARIS MUSCLE 


This muscle is an important one of the 
shoulder girdle and acts especially as an in- 
ternal rotator and adductor of the humerus, 
and as a forward flexor at the shoulder joint. 
It forms the greater part of the posterior wall 
of the axilla and at its attachment to the lesser 
tuberosity of the humerus its tendon blends 
into the musculotendinous cuff where it fuses 
with the short rotators of the humerus and 
the capsule of the joint. 

In a review of the literature we have been 
unable to find any case of rupture of this mus- 
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Fig. 5. Case 4. Schematic drawing of condition found 
at operation of rupture of coracobrachialis. 





cle. In a personal communication, Dr. Kellogg 
Speed has informed us of 2 patients in whom 
he made diagnoses of ruptures of the subscapu- 
laris tendon but they did not come to opera- 
tion. Dr. Bull and Dr. Gilbert have had 1 
patient in whom the rupture was found at 
operation. This was a very interesting case 
because of the length and degree of disability, 
the localized symptoms, the objective, and 
the operative findings. 

RUPTURE OF CORACOBRACHIALIS MUSCLE 

We have been unable to find any cases re- 
ported in the literature. We can report one 
case which was due to direct violence. Early 
operation resulted in a complete recovery 
which would not have occurred otherwise as 
there was a large rupture in the belly of the 
muscle (Figs. 4 and 5). The patient did not 
have much pain but complained of consider- 








Fig. 6. Case 5. Rupture of left triceps before operation. 


Fig. 7. Case 5. Postoperative result showing line and 
extent of incision and absence of former bulging of triceps. 


able impairment of the function of his arm. 
Although some may consider this muscle as 
an unimportant or even a rudimentary one, 
the action of which is to assist the biceps as 
an adductor and flexor of the humerus, the 
muscle in this patient was large and well de- 
veloped. 


RUPTURE OF THE TRICEPS MUSCLE 


Rupture of the triceps muscle is an uncom- 
mon injury. We have been able to collect 
only ro cases in the literature. Cases have 
been reported as follows: Partridge, 1 in 1868; 
Gueterbock, 1 in 1881; Bilhaut, 1 in 1903 
(he considered it a case of muscular hernia 
with rupture of the aponeurosis, but from his 
description of the case it must have been one 
ofextensivepartial muscularrupture) ;Schliack- 
Cottbus, 1 in 1908, and also 6 collected from 
the literature; Penhallow, 1 in 1g10; Stro- 
meyer, 1 in 1917; Montgomery, 1 in 1920; 
Cassirer, 1 in 1922; and Hackenbrock, 1 in 
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1922. Fasiani, in 1923, reported 1 case which 
was treated conservatively. All but 1 of th 
cases were the result of direct violence. W 
have 3 additional cases to report. We operate: 
upon one of these patients (Figs. 9 and 10). Fo: 
2 of these cases we are indebted to Dr. L. L 
Stanley, of San Quentin Prison, and for th 
third to Dr. R. L. Waugh of the United States 
Marine Hospital in New Orleans. 

A tear of any size in the triceps muscle con 
siderably impairs the power of extension o/ 
the elbow. There is usually moderate swelling, 
and the interruption of the tendon will per- 
mit palpation of the margins of the olecranon 
and of the humerus. Early exploration and 
repair usually achieves a complete restoration. 


RUPTURE OF THE BICEPS MUSCLE 


Lesions of this muscle and tendon have 
interested one of us (15) for the past 14 years 
and its various manifestations have been dis- 
cussed by him in 4 previous articles, in one 
of which 100 cases were analyzed (17). For 
a complete clinical account, therefore, the 
reader is referred to them. For a graphic ac- 
count of anatomical observations the reader 
is referred to the various articles by Meyer 
(32, 33). He has had well over 1,000 shoul- 
ders dissected in his laboratory and it has 
been our great privilege on numerous occa- 
sions to examine these interesting specimens 
with him. 

When these shoulders are opened one ob- 
serves that there has been a destruction from 
within, that is, extra-articular rather than 
intra-articular. One sees a fraying of the 
under surface of the deltoid muscle, consider- 
able wear in the superior part of the floor of the 
subdeltoid bursa, a circular defect in the ten- 





Fig. 8. Rupture of right triceps.' 


'Kindness of Dr. R. L. Waugh of the U. S. Marine Hospital in New 
Orleans. 





Fig. 9. Rupture of triceps brachii in an elderly man.! 


1Courtesy of Dr. L. L. Stanley of San Quentin. 
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don of the supraspinatus, erosion and some- 
times complete destruction of the tendon of 
the biceps, large defects in the humeroscapular 
articulation, etc. None of the changes noted 
was, in any sense, inflammatory in nature. 
When the capsule was opened, there was no 
collection of fluid or pus nor the slightest evi- 
dence of arthritis. 

Reviewing his specimens, Meyer was im- 
pressed further by finding early defects in the 
capsule near its attachment to the greater 
tuberosity. He reasoned that these capsular 
defects resulted “from repeated and long con- 
tinued use of the arm in a position of marked 
abduction and external rotation.’’ These ob- 
servations naturally led him “to consider the 
possibility of an occupational cause.” He 
concluded that the incidence of spontaneous 
destruction and dislocation of this tendon 
must be exceedingly common in laborers 
working in lumber and construction camps 
and in mines. A sudden trauma in such cases, 
therefore, would be only the immediate cause. 
Physicians and surgeons in general have been 
slow in appreciating the wide clinical signifi- 
cance of Meyer’s epoch-making discoveries 
which were first brought to our attention in 
1915. 

While attrition due to occupation will, un- 
doubtedly, explain many lesions of the tendon, 
one must bear in mind other causes such as 
the degenerative changes due to senility, 
arthritis, myositis, arteriosclerosis, acute and 
chronic infectious diseases, fatigue, and trauma. 
We have seen however, a number of lesions 
which occurred in young, healthy, and robust 


Fig. to. Case 7. Before operation. Disinsertion of ten- 
lon of right long biceps from lip of glenoid in a ten-pin 
owler. Note lowering and bulging of the belly of long biceps. 
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men while they were engaged in games to 
which they were accustomed, such as hand- 
ball, football, and bowling. In these patients 
it is very important to make an early diagnosis 
and to repair the lesion to obtain a complete 
restoration of function (Figs. 10 and 11). 

The surgical approach for the repair of dis- 
insertion of the proximal end of the tendon 
of the long biceps, which we have used recently, 
consists in extending the incision up over the 
anterior portion of the shoulder and, instead 
of retracting and cutting the lower portion of 
the great pectoral muscle, the fibers over the 
coracoid process are separated. In this man- 
ner the upper and detached end of the long 
biceps can easily be brought up and sutured to 
the coracoid process and to the tendon of the 
short head. 

Elongation of the tendon of the long biceps. 
This lesion may arise from many causes, 
which have been discussed by one of the 
authors in a previous article (18).. He has 
used various methods for shortening the ten- 
don, and thereby brought up the belly of the 
muscle to its proper place. Not only is a 
gratifying cosmetic result obtained but the 
function of the arm is much improved (Figs. 
12, 13, and 14). 

Dislocation of the tendon of the long biceps. 
This condition has proved, heretofore, to be 
very baffiing. Although 71 cases have been 
recorded as having been seen clinically since 
the first article by Cowper in 1724, and many 
cases found at autopsy have been recorded, 
and even though Meyer has observed over 50 
cases of marked dislocation and many others 





Fig. 11. Case 7. After operation. Note that the con- 
tour of the region of the biceps has been restored. 
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Fig. 12. Case 8. Before operation. Elongation of tendon. 
Note, besides the characteristic bulging of belly, the widen- 
ing and deepening of hollow between deltoid and belly of 
long head of right biceps. 


of lesser degree in the dissection of tooo shoul- 
ders, no patient had been operated upon for 
the relief of this condition until in recent 
years (Figs. 15 and 16). One of the authors 
operated upon such a patient in 1926 and 
analyzed 6 cases (18), 2 of these patients hav- 
ing been operated on by Dr. Edward C. Bull. 
Dr. Abbott and Dr. Saunders presented a 
paper on this subject before the California 
Medical Association in 1934 and recorded, I 
believe, 3 operative cases. 

The symptoms of this condition depend on 
the degree of dislocation. The onset is usually 
acute. The symptoms may not be very 
pronounced at first and many of the objective 
signs may be obscured by the tenosynovitis 
and generalized soreness which result from 
the production of such a lesion. We have 
worked out a simple and useful diagnostic test 
which is fully described elsewhere (17). Sur- 
gical repair will give an excellent result. 


Deltoid 
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Fig. 13. Case 8. Author’s method of shortening tendon 
and, thereby securing a muscle balance with short head. 


Fig. 14. Case 8. A few weeks after operation. Note the 
perfect re-establishment of muscle balance and the res- 
toration of contour. 


REPORT OF CASES 

CasE 1.'! A. B., a man, aged 27 years, was injured 
while lifting a heavy box from the ground to a place 
above his head. He felt a sudden snap in the upper 
right arm and noticed a large lump which gradually 
increased. 

Examination. Eight months after the accident 
there was a large and indurated mass in the region 
of the deltoid muscle. Movements of the arm were 
painless and complete but the power of abduction in 
the affected arm was impaired. There was a definite 
hiatus just above the insertion of the deltoid where 
the fibers evidently had been avulsed upward. Past 
history was essentially negative. Patient declined to 
have an operation. 

CasE 2.2 A. H., a man, aged 21 years, was injured 
August 14, 1934, while driving an automobile. 
Another car drove into him and as a result of the 
collision he received an injury to the right shoulder. 
Following the accident he was taken to the Berkeley 
General Hospital where he remained 3% days. He 
stayed at home then in bed for 6 days. He had pain 
in his right shoulder when he attempted to use it 
strenuously and the power of abduction was con- 
siderably reduced in his right shoulder. 

Examination. He was able to put his right arm 
through a normal range of motion. The power in the 
right arm was reduced in performing the motion of 
abduction to about one-half of that in the left arm. 
Examination of the right deltoid muscle showed a 
marked irregularity in this muscle. The posterior 
half of the muscle apparently had been torn loose 
from its insertion and was retracted upwards a dis- 
tance of about 2 inches. This caused the posterior 
half of the muscle to bulge unduly when it was con- 
tracted. The patient declined an operation. 

CasE 32 W.L. G., a man, aged 63, was injured 
March 14, 1934, when, after lifting a heavy stone, 


'The authors are indebted to Dr. Harry S. Schurmeier for the report 
of this case. 

2The authors are indebted to Dr. Harold H. Hitchcock for the report 
of this case. : 

*The authors are indebted to Dr. M. J. White and Dr. R. L. Waugh of 
the U. S. Marine Hospital, San Francisco, for the privilege of examining 
and reporting this case. 
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Fig. 15. Left, A dissection made in the anatomical laboratory of Dr. A. W. Meyer of 
Stanford University. ‘The left shoulder showing the long tendon practically un- 
affected and displaced anteriorly or ventrally, in order to reveal the position in which 
it lay. The arrow points to the supratubercular ridge. This tendon is never dislo- 
cated distal to the ridge. A little proximal from the supratubercular ridge can be 
seen the capsular sling on which this tendon played and which protected it from 
wear underneath; a small portion of the cartilage of the head of the humerus is re- 
vealed immediately proximal to it.” 

Fig. 16. Same as Figure 15. “The left humerus showing the distal portion of the 
long tendon in situ, and with a bifurcated attachment extending toward both the 
tuberosities. However, the tendon is also attached in the floor of the sulcus, and the 
great widening of the proximal portion of the sulcus shows that this tendon was max- 
imally dislocated before it was divided. Some osteophytic reaction is evident in the 













intertubercular region of the sulcus and proximal to this region.” 


he tried to throw it forward into a truck. Instantly 
he felt a sudden twinge of pain in the region of his 
right scapula. From that time he had an ache and a 
feeling of lameness in his shoulder and a few days 
later his wife called his attention to “a winging out 
of his shoulder blade.” 

Examination. On inspection April 21, 1934, one 
could see a moderate drooping of the right shoulder, 
the acromion being conspicuously lower on the right 
than on the left side. When viewed from the side, 
with his arm hanging at rest, his right scapula pro- 
jected from the chest. When viewed from the rear 
with the arms raised his scapula assumed the classical 
angel-winged position. On palpation there was 
moderate tenderness on pressure over the vertebral 
border of the right scapula. Electrical reactions 
were normal to galvanism in so far as reversal of 
the poles was concerned, but faradic irritability was 
reduced over the right serratus muscle. 

Diagnosis. This evidently was a traumatic pa- 
ralysis of the right serratus muscle due to injury of 
he long thoracic nerve. 


Result. The patient was unable to remain for 
treatment. He declined operation. 

CasE 4. E. R. B., a man, aged 33, was injured on 
June 30, 1934, while helping to operate a charging 
machine. He had his right arm extended forward 
and downward and was holding on to the shoe of the 
machine so that his arm was tense. When the ma- 
chine went backward his arm followed outward until 
it became caught against a stanchion. Instantly he 
felt a heavy pressure on the internal aspect of the 
right arm, near the axilla. He shouted, and the ma- 
chine was immediately reversed, thereby freeing his 
arm. He swung his arm around to ascertain if it was 
hurt and then he noticed a depression in it although 
he felt little pain. The next day his arm was sore 
and felt weak when he attempted to pull anything 
toward him or to pull his arm towards his body 
(adduct to median line). He said that on flexing his 
arm, it felt weak at the beginning of flexion until 
one-third of the way. In adduction to mid-line the 
arm was weak all the way. Since the day following 
the accident he had had only a slight soreness and a 
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sort of catch in the region where the indentation was 
whenever he used his arm. This region had also been 
tender to touch. 

Examination. On July 2, 1934, there was a slight 
ecchymosis over the upper third of the right arm, 
but no abrasion of skin and very little, if any, swell- 
ing. With his right arm abducted an indentation or 
hiatus was clearly visible in the lower portion of the 
upper third between the short head of the biceps and 
the triceps. When the arm was rotated as far in- 
ternally as possible and the patient was told to make 
a strong grip, the depression became more pro- 
nounced and on palpation one felt a distinct diasta- 
sis and this area was tender. There was no evidence 
of injury to either the long head or short head of 
the biceps or to the triceps. 

Operation and result. On July 15, 1934, under local 
anesthesia of one-half per cent novocain, an incision 
of 15 centimeters in length was made over the border 
of the right pectoral muscle, extending down the 
inner aspect of the right arm and exposing the mus- 
cles in this region. The edge of the pectoralis major, 
short head of the biceps, coracobrachialis, and the 
triceps muscles were exposed and brought into view. 
When the patient was requested to contract his 
arm, nothing abnormal was seen, but when he flexed 
and adducted his arm, a hiatus was seen in the mid- 
portion of the coracobrachialis muscle. This muscle 
was covered by a sheath and no rupture was visible, 
although a definite depression could be seen and felt 
with the finger. The muscle sheath then was opened 
and a complete rupture of the mid-portion of this 
muscle was found. 

Each half of the muscle belly, which was about 
the size of a lemon cut transversely, had separated 
for about an inch. There was no hematoma present 
and only 1 or 2 minute blood clots. The forearm was 
flexed and the arm lifted and adducted in the posi- 
tion of putting the right hand over the left shoulder. 
This brought the 2 halves of the ruptured muscle 
without tension into complete apposition. They 
were approximated by 3 interrupted sutures of No. 2 
chromic catgut reinforced by 4 fascial strips secured 
from the right thigh. 

The wound of the arm was closed in layers without 
drainage. The operation was performed mostly 
under local anesthesia to achieve a complete repara- 
tion under voluntary control of his muscles, and was 
finished under gas. The arm was immobilized in a 
Velpeau bandage to the chest, leaving the coraco- 
brachialis muscle in complete relaxation, that is, 
having the right arm forward over the chest with 
the right hand near the left shoulder. After opera- 
tion the patient obtained a good functional result. 

CasE 5.‘ J. J., aged 23, was injured, in 1931, when 
he was in an automobile accident. While under the 
influence of liquor he was driving with his left arm 
resting on the window sill. He failed to negotiate a 
turn and collided with an iron post, hitting the left 
forearm and elbow. He was removed to a hospital 


‘The authors are indebted to Dr. L. L. Stanley, of San Quentin, for 
the privilege of operating on this case. 





and treated for a fractured left elbow for 2 days. 
His whole left arm from the wrist to the shoulde 
was badly swollen. He could not get his arm in the 
sleeve of his shirt, bend the arm, or move his finger:. 

The swelling subsided in 2 weeks when he notice:| 
a big lump on the undersurface of the upper left arm, 
which had persisted without apparent diminution in 
size. He had fairly good function in the left arm, but 
stated that he had not so much strength in that arm 
as in the right one. This was especially noticeable 
when he attempted lifting. 

Examination. There was a bulging, tumor mass 
in the upper third of the posterior or extensor surface 
of the left arm. On palpation it was readily discern- 
ible that the tumor consisted of a contraction of the 
muscular belly of the triceps muscle. 

Operation and result. On May 20, 1936, under 
general anesthesia, a linear incision 12 centimeters in 
length was made over the mid-portion and lower end 
of the left triceps and carried up exposing the belly 
of the triceps muscle, which was found to be con- 
tracted and bulging. The muscular portion of the long 
head of the triceps had torn loose from the tendinous 
portion of the lower end. The muscular portion, of 
course, was found to be adherent to all the sur- 
rounding tissues. These adhesions were liberated 
with the finger and by sharp dissection with the 
scalpel. Then by slow traction on the muscle it was 
possible to lengthen it gradually without tearing, 
until its normal length was practically re-established. 

The repair was carried out in this manner: By 6 
mattress sutures the lower end of the muscle was 
sutured to the tendinous portion. It was also found 
that a portion of the lower end of the external head 
of the triceps was torn, and after liberating this, 
the muscular end was brought through the lower 
end of the tendon by incising the tendon and pulling 
through the lower end of the muscle. By interrupted 
sutures, as a further method of fortification, the 
fascia over the belly of the muscle was sutured over 
the musculotendinous portion, giving a firm fixation. 
With this accomplished it appeared as if a complete 
re-establishment of the large rupture of the triceps 
had been accomplished. The wound was sutured in 
layers and the arm immobilized in extension. The 
patient received a good functional result. 

CasE 6.° D. L. G., a man, aged 30, was injured in 
September, 1935. He was carrying a steel cable 
“‘choker,’’ weighing 70 pounds, and threw it over 
some brush with his right hand. A hook caught on 
the glove of his left hand and the spring of the coiled 
cable jerked and twisted the relaxed arm which was 
extended by the jerk. There was immediate pain 
and disability in the left shoulder and arm. The pain 
radiated to the left side of the neck and chest. He 
then consulted a physician, who immobilized the 
arm and prescribed heat and massage. After several 
weeks’ treatment he began to try using the arm but 
felt ‘‘a catching, grating and clicking sensation,” 
especially when arm was in a position of abduction. 


5The authors are indebted to Dr. Edward C. Bull and Dr. Ramon Gil- 
bert for this case. 
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Examination. On April 23, 1936, there was only 
moderate atrophy of the muscles of the left shoulder. 
The movements were restricted, especially abduc- 
tion (70/180) and forward rotation (80/180) with 
pain at the limit of the range of motion. External 
rotation of the humerus caused loud, multiple, snap- 
ping sounds, associated with pain, which felt as if 
it were produced by a tendon or a thickened mass of 
soft tissue passing over the tip of the greater tuber- 
osity under some tension or compression. About 1 
out of 3 times when he carried out this movement a 
loud sharp snap was heard as if a definite structure, 
like the biceps tendon, might be slipping over a bony 
prominence while under some tension. It was this 
repetition of movements which produced those snap- 
ping sensations which caused his shoulder to become 
sore ina short time. As this developed the disability 
in his shoulder became very marked. The supra- 
spinatus muscle was not tender, apparently was not 
atrophied, and appeared to be used very much like 
its mate in the uninjured shoulder. Tension on the 
biceps muscle seemed to make no difference in the 
manner in which he performed his movements or in 
the degree of discomfort felt. This suggested that the 
snapping sound was produced by some other mecha- 
nism than an abnormally movable biceps tendon. The 
patient moved his shoulder quite willingly but 
guarded the movements carefully as the painful 
point was approached, seeming to have actual pain 
and wincing with each of the multiple snaps pro- 
duced by movement. Roentgen examination revealed 
an irregular area of bone absorption just below the 
level of the greater tuberosity. 

Diagnosis. Probable partial tear of one of the 
muscular insertions about the greater tuberosity of 
the humerus. 

Operation and result. On April 27, 1936, under 
general anesthesia an incision was made along the 
anterior margin of the deltoid muscle and carried 
down exposing the joint structures. It was readily 
seen that there had been an extensive tear of the 
tendon of the subscapularis muscle near its insertion 
on the humerus. The muscle appeared to have been 
torn transversely a distance of about an inch, the 
tear extending backward from the anterior margin 
of the tendon parallel to the joint margin and about 
one-half or three-fourths of an inch from the inser- 
tion on the humerus. The tear had extended also 
proximally between the supraspinatus and sub- 
scapularis for a distance of probably 11% to 2 inches. 
This had created a defect in the fibrous capsule of 
the shoulder joint which had filled in with very in- 
adequate and thin scar tissue, and at this point the 
capsule was very loose and would probably have per- 
mitted dislocationoftheshoulder on slight provocation 
il the patient’s discomfort had allowed him to abduct 
the arm freely. There was also a loose flap of fibrous 
and synovial tissue hanging free from the joint lining 

or a distance of an inch or more. This flap was 
one-half or three-fourths of an inch from the articular 
margin and about five-eighths of an inch wide. Its 
‘ructure was rather dense and it seemed likely 
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that the clicking and snapping sensation observed on 
examination of the patient was due to movements 
of this loose flap. The torn subscapularis tendon had 
retracted considerably, but the margin of the tendon 
was freed along the general line of the original tear 
and it was drawn as near as possible to its original 
position and sutured in place with interrupted 
chromic catgut sutures. The loose fibrous capsule of 
the shoulder joint was partially excised and the 
freshened margins of the subscapularis and supra- 
spinatus tendons were sutured together as closely 
as possible in an attempt to restore normal strength 
in this part of the shoulder joint capsule. The pa- 
tient’s arm was bandaged to his side in a position of 
internal rotation with the elbow forward on the chest 
to relax the sutured muscle. 

Result. He secured a satisfactory result and re- 
turned to his regular work. 

CasE 7. J. O., a man, aged 52, was injured on 
May 5, 1935, while playing in a bowling tournament. 
He raised his right arm above his head in the usual 
manner and had gripped in his hand a bowling ball, 
weighing 15 pounds 13 ounces. The regulation 
weight of a bowling ball is 16 pounds. This was 
3 ounces less, and was the weight of the ball he used 
all the time. He said he made no more strenuous 
effort than he had made thousands of times. Just 
as he threw the ball he heard and felt something tear 
in his right arm in the region of the biceps muscle. 
Then he picked up a second ball and threw that. As 
he did this he had the sensation of someone putting 
a knife in his elbow and ripping it up to his shoulder. 
Then he took a third ball and as he started to throw 
it he gripped it and it fell right out of his hand. After 
this he became sick to his stomach and his arm felt 
weak. He lay down for 15 or 20 minutes in a cold 
perspiration. A doctor was called, who came to the 
bowling alley to see him, and wrapped his arm and 
told him he had torn a muscle. His arm caused him 
no pain when it was at rest, but when he tried to lift 
anything he found it difficult to raise it more than a 
few inches, and he had a feeling of soreness and a 
sharp pain, cutting in character, in the biceps muscle. 

Examination. May 8, 1935, there was an area of 
ecchymosis over the proximal end of the right biceps. 
The belly of the biceps had dropped down so that 
when the arms were held in extension the hiatus 
between the deltoid and the biceps was very con- 
spicuous, measuring in the left arm 1 finger’s 
breadth, and in the right arm 3 fingers’ breadth. 
With arms hung to the sides in a natural position 
with the palm forward one could see that the belly 
of the biceps had dropped down and there was a 
hollow above the biceps. 

Operation and result. On May 10, 1935, under 
local anesthesia an incision was made over the tendon 
of the long head of the biceps and carried down ex- 
posing the tendon which was found ruptured near 
its upper end. The tendon had gone down toward 
the muscle but had not turned over. It was freed and 
brought out and seen to be long enough to put up to 
the coracoid process. As the pectoral muscle was so 








916 


well developed it was impossible to retract it suf- 
ficiently to get a good fixation of the tendon of the 
long head of the biceps on the coracoid process. 
Therefore, the fibers of this muscle were split with 
the fingers and separated so that the coracoid process 
was visualized easily, which gave adequate space 
for the tendon to be brought up underneath this 
muscle and the fixation could be performed readily. 
The fibers of the tendon of the short head of the 
biceps were then separated at the level of the cora- 
coid process and the tendon of the long head of the 
biceps was pushed through the opening. Then the 
proximal end of the long head of the tendon was 
sutured to the coracoid process and reinforced by 
suturing to each side of the tendon of the short head 
of the biceps through which it had been inserted. 
Silk sutures were used throughout. The muscles 
were then approximated loosely with No. 1 catgut 
and the wound closed in layers. The operation was 
done under local anesthesia and the patient stood 
it well. The arm was put up in a Velpeau bandage. 
Result. On June 8, 1935, result was most satis- 
factory. On July 15 he returned to his regular work. 
Case 8.° C. H.,a man, aged 35 years, was injured, 
June, 1925, when he was thrown from a truck, which 
turned over, pinning him underneath. While making 
an effort to free himself, he felt a slight snap in the 
right shoulder. After hearing the snap in his shoul- 
der, he felt a very severe pain there and then became 
unconscious. In this accident he suffered a fracture 
of the occiput and a dislocated vertebra. 
Examination. On April 17, 1928 (Fig. 12), it was 
revealed that the belly of the long head of the right 
biceps was definitely smaller than the left, and on 
flexion the belly bulged and this bulging was about 
2 fingers’ breadth lower down the arm than the 
muscle of the long head of the other arm. This arm 
was seen readily to be weaker than the other. 
Operation and results. On April 17, 1938, under 
general anesthesia, an incision was made from the 
shoulder extending from along the insertion of the 
pectoralis major over the biceps. The 2 muscles of 
the biceps were then exposed and separated from 
each other. The muscle and tendon of the short 
head were normal. The muscle of the long head had 
retracted and the tendon had become attenuated 
but was not seen to be ruptured. The tendon was 
pulled up and shortened about 2 centimeters and 
then the loop of the tendon was pulled through an 
opening in the muscle at the beginning of the ten- 
don (13). This shortened the tendon about 2 centi- 
meters and brought the bellies of the long head and 
the short head side by side. This man secured a very 
satisfactory and useful arm. The contour of the 
muscles became practically normal (Fig. 14). 


SUMMARY 


No surgeon ever sees many ruptures of the 


various muscles of the shoulder. 


*The authors are indebted to Dr. L. L. Stanley of the California State 
Prison at San Quentin for permission to examine and operate upon this 
patient. 
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A review of the literature revealed that with 
the exception of many cases of supraspinatus 
and biceps, a surprisingly few cases of the 
other muscles and tendons of the shoulder 
girdle and upper arm have been reported. We 
have found only 1 uncomplicated rupture of 
the deltoid, 8 of the serratus magnus (an- 
terior), 8 of the pectoralis major, none of the 
subscapularis, none of the coracobrachialis, 
and 10 of the triceps. 

The réle of acute trauma, direct or indirect, 
is greater than all other causes of shoulder dis- 
ability, including senility, disease, fatigue, 
and attrition. 

The most frequent mechanism producing a 
partial or complete rupture of a muscle or a 
tendon is the sudden application of a stretch- 
ing force to a muscle which is in the process of 
vigorous contraction. 

A tear in a muscle or tendon about shoulder 
joint or upper arm will produce pain in the 
joint and often cause an incorrect diagnosis. 

A careful history and examination usually 
will lead to an early diagnosis. 

Treatment should be directed to prevent 
contracture and atrophy of the muscles of the 
shoulder girdle. 

Prompt surgical intervention and repair 
of the tears in the muscles and tendons about 
the shoulder in the majority of the patients 
will give satisfactory results. 
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CLINICAL SURGERY 


FROM THE GLASGOW ROYAL INFIRMARY 


SUPRAPUBIC PROSTATECTOMY 


ARTHUR JACOBS, F.R.F.P.S. (Glas.), Glasgow, Scotland 


EMOVAL of the prostate by the supra- 
pubic route is the procedure preferred 
by the writer on all patients whose 
obstructive symptoms are due to pros- 

tates of the large adenomatous type. Trans- 
urethral resection is the method favored for the 
smaller types of glandular obstructions and for 
carcinoma. Suprapubic cystotomy is reserved for 
those who are unfit for either procedure. Out of 
a total of 106 patients operated upon for prostatic 
obstruction in 1937, a suprapubic prostatectomy 
was carried out on 50, or 47 per cent. A two stage 
operation was performed on 12 of these patients. 

The technique of suprapubic prostatectomy now 
used by me has been arrived at after extensive 
experience with the operative methods used by 
Freyer, Thomson-Walker, Bentley Squier, and 
Harris. The various steps are based on the work 
of these great pioneers in this branch of surgery. 


POSSIBLE DANGERS AND COMPLICATIONS 


Failure of the cardiovascular system to stand 
up under the strain of the operation, postopera- 
tive pulmonary complications including embolus, 
renal failure, and urinary sepsis are the dangers 
and complications to be feared and guarded 
against. Methods to avoid the two latter condi- 
tions will be dealt with in subsequent paragraphs. 
With regard to the cardiovascular system, I think 
it is correct to say that the majority of prostatic 
patients exhibit degenerative vascular changes 
and varying degrees of weakness of the cardiac 
musculature. A thorough medical overhauling 
should, therefore, be a routine practice. It is 
difficult, however, even for an expert physician 
to determine the exact degree of cardiac reserve 
in any given case. In patients with a recognizable 
impairment, rest in bed with appropriate treat- 
ment of the heart, combined with drainage of the 

The illustrations for this article were all drawn by Miss C. 
Brown Kelly. Figures 6 and 7 are based on illustrations in the 
paper by the late Mr. Harry Harris published in the British 


Journal of Surgery in January, 1934; and, as acknowledged in 
the text, Figure 3 is a replica of a drawing in the same paper. 
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bladder may result in such a degree of improve 
ment that operation can be carried out. If 
sufficient improvement does not occur, one can- 
not proceed with major operative intervention. 
To lessen the risk of postanesthetic pulmonary 
complications, cyclopropane or gas and oxygen 
with a minimum of ether are the anesthetics 
usually preferred. At the termination of the 
operation, respiratory activity is stimulated by 
carbon dioxide inhalation. The patient is slightly 
elevated on pillows as soon as he is out of the 
anesthetic. The degree of elevation is gradually 
increased and within 24 hours he is usually well 
enough to be in a sitting position. He is encour- 
aged to move his lower iimbs about in bed at 
frequent intervals and is allowed out of bed at 
the earliest possible date. 


PRE-OPERATIVE INVESTIGATION AND 
PREPARATION OF THE URINARY TRACT 


A satisfactory renal function is a sine qua non 
before operation is decided on. The existence of 
marked impairment is usually recognizable by 
obvious clinical manifestations such as a dry skin, 
loss of appetite, indigestion, and constipation. 
Persistent thirst, a dry mouth, and a furred 
tongue are ominous signs. As an aid to the recog- 
nition of the lesser degrees of renal impairment, 
the routine biochemical tests which are relied on 
are an estimation of the blood urea and the urea 
concentration test. If the blood urea is higher 
than 50 milligrams per cent, the renal condition 
is regarded as unsatisfactory. A reading below 
this figure is not, however, considered by itself to 
indicate a good renal function. Chief reliance for 
this information is placed on the urine urea con- 
centration test. The patient is given 15 grams of 
urea dissolved in 100 cubic centimeters of water, 
and the percentage of the urea found in the urine 
during the first, second, and third hours is esti- 
mated. If the patient is not on bladder drainage 
by an indwelling urethral catheter, one is usually 
inserted for the period of the test. The quantity 
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of urine passed in each hour is noted and the per- 
centage of urea excreted in each specimen is 
estimated. The total amount of urea eliminated 
in each hour is thus calculated and should in the 
second hour be not less than 1.5 grams, i.e., one 
tenth of the amount swallowed. 

As a check-up on the above tests, the indigo- 
carmine test is frequently used. An intravenous 
injection of 8 cubic centimeters of a 0.4 per cent 
solution is given. A good blue coloration should 
appear in the urine within ro minutes. 

If these tests indicate a renal insufficiency, 
treatment must be carried out with a view to its 
correction before operation. Forced diuresis and 
continuous bladder drainage are the methods 
used to achieve this objective. The patient is 
encouraged to drink as much fluid as possible, 
aiming at a minimum of 5 pints per day. A soft 
rubber catheter is retained in the urethra and 
connected by a glass connection to a length of 
rubber tubing, which drains into a bottle con- 
taining a measured quantity of antiseptic at the 
side of the bed. The bladder is washed out once 
or twice a day depending on the degree of urinary 
infection present. Two to 3 pints of 1:10,000 
silver nitrate solution are used for each wash out. 
For very dirty bladders the routine recommended 
by Harris has been found useful. It is as follows: 
A solution of potassium permanganate of a light 
pink color is washed backward and forward 
through the catheter until the return fluid is 
clear. The remainder is then washed out with 
plain sterile water. Four ounces of 1:3,000 solu- 
tion of nitrate of silver are then injected into the 
bladder and the catheter is clamped for half an 
hour if the patient will tolerate it for that time. 
Then it is connected to bottle at the bedside. 

Throughout the period of preparation the urine 
is kept acid by acid sodium phosphate, 10 grains 
three times ‘daily. If a stronger acidifier is 
required, ammonium chloride, 15 grains in cap- 
sules, 3 to 4 times daily, is substituted. As long 
as the urine is acid, hexamine in doses of 10 
grains thrice daily is also given. 

For a patient whose renal impairment is not 
marked, catheter drainage for a week or 10 days 
will usually suffice. For a patient with a good 
renal function, I see no advantage in draining the 
ladder for more than 4 or 5 days even if he has 
had a residual urine of several ounces. This 
applies particularly to that type of patient who 
has suffered from repeated attacks of retention 
ut who in the intervals between the attacks is 
able to empty the bladder quite satisfactorily. I 
consider about 3 weeks the maximum period that 
irethral catheter drainage can be continued to 
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advantage. If by that time the renal function is 
not sufficiently good to warrant a prostatectomy, 
a suprapubic cystostomy should be carried out 
and the prostate removed at a later stage. 


LIGATURE OF THE VAS 


This is a routine procedure done in order to 
prevent a postoperative epididymitis. If the 
initial renal functional tests indicate that more 
than one week of catheter drainage is likely to 
be necessary, the vas ligation is done as a sep- 
arate procedure under local anesthesia. If there 
is to be only a few days of catheter drainage, the 
ligation is made at the time of the prostatectomy. 

The vas is grasped a little below the root of the 
scrotum and held firmly between the left thumb 
and index finger. About 20 cubic centimeters of 
I per cent novocain injected subcutaneously and 
into the cord in an upward direction for about an 
inch, starting at the level where the vas is held, 
will usually suffice. Keeping a firm grasp on the 
vas, a half inch incision is made over the anes- 
thetized area of the cord, the coverings incised, 
and the vas rolled into the field, where it is 
grasped with dissecting forceps. It is now sepa- 
rated from the other structures of the cord by 
blunt dissection and clamped by 2 pressure for- 
ceps placed about 1 inch apart. The intervening 
segment of the vas between the 2 forceps is cut 
away and a catgut ligature is placed on each end. 
The skin incision is closed by 2 silkworm sutures. 
Both sides are dealt with similarly. 

OPERATIVE TECHNIQUE 

Immediately prior to operation and before the 
patient is brought to the theater, the bladder is 
washed out with potassium permanganate and 
emptied. The catheter is removed from ure- 
thra and in doing so the urethra is also irri- 
gated with the solution. The penis, scrotum, 
upper half of thighs, and abdominal wall are 
surgically prepared. 

The operator stands on the left side. The left 
hand is covered with 2 gloves. The table is tilted 
into a modified Trendelenburg position, excessive 
lowering of the head not being considered advis- 
able. The legs are separated to the full width of 
the table. The towels are arranged so as to facili- 
tate access to the rectum and urethra. Thus the 
top sheet and side towels should be placed first. 
A long sheet completely covering the lower limbs 
and pressed down between the thighs comes next. 
A split towel through which the penis is drawn is 
placed over the pubic region and upper thighs. 
This is covered by a further towel, the upper 
border of which rests on the symphysis. 
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Fig. 1. The extraperitoneal surface of the emptied blad- 
der is pulled upward into the wound by tenaculum forceps 
and incised. A suction tube is passed down to the retro- 
prostatic area and any residual fluid is evacuated before 
the incision is extended in the bladder upward. 


A median suprapubic incision is made, the 
lower end of which starts 2 finger breadths above 
the symphysis. A small incision about 2 inches 
in length is favored but it may be desirable to 
extend it upward in a patient with a stout, pendu- 
lous abdominal wall. The skin and subcutaneous 
fat are incised and the anterior wall of the rectus 
sheath is exposed and divided in the line of the 





Fig. 3. Copy of illustration in article by the late Harry 
Harris (British Journal of Surgery, January, 1934) show- 
ing postmortem specimen of bladder and prostatic urethra 
opened from the front and indicating the intra-urethral 
method of enucleation. The broken black line and the 
arrows thereon indicate the course followed by the finger. 
a and b are opposite the antero-inferior aspect of each 
lateral lobe where the enucleation is begun on each side; 
d and e, the cut edges of the muscle of the anterior com- 
missure; c, the membranous urethra; f, verumontanum. 





Fig. 2. The right index finger is passed through the 
internal meatus and prostatic urethra and separation of 
the prostate is commenced at antero-inferior aspect of left 
lobe by forcing the finger through the urethra at this point. 


incision. The fibers of the rectus muscles are 
separated in the middle line with blunt pointed 
scissors. The transversalis fascia is opened and 
the perivesical fat is brought to view. All bleeding 
points are now clipped and ligated. The next 
step is to expose the extraperitoneal surface of 
the bladder. As the latter is empty and as the 
abdominal incision and muscle separation do not 
reach to the symphysis, this is somewhat more 
difficult than when carried out with the bladder 
distended and a downward extending incision. 
(In the excessively obese patient, it may be pref- 
erable to have the bladder distended with about 
12 ounces of lotion.) Exposure is facilitated by 
the use of a small sized, self-retaining retractor. 
The perivesical fat and peritoneum are stroked 
upward from off the bladder with the aid of a 
small fold of gauze. The anterior wall of the 
bladder is usually recognized without difficulty 
and is grasped by tenaculum forceps. It is pulled 
upward and backward into the wound. By means 
of a further pair of tenaculum forceps, the posi- 
tion of each is adjusted so that they hold the 
anterior wall of the bladder on either side of the 
middle line about one inch apart. While traction 
on the forceps is maintained, a stab incision is 
made between them. A suction tube is imme- 
diately passed into the bladder and any residual 
fluid is evacuated (Fig. 1). A sling suture is 
inserted through each side of the bladder incision 
and the traction forceps are discarded. The inci- 
sion in the bladder is sufficiently enlarged in an up- 
ward direction to enable the index and middle 
fingers to be passed through it. If the peritoneum 
encroaches on the line of incision, it is stroked 
further upward. Any bleeding point on the blad- 
der is ligated and the process of enucleation is 
carried out. 
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ENUCLEATION OF THE PROSTATE 

As the abdominal incision and the opening into 
the bladder are small, the enucleation of the 
prostate is greatly facilitated by inserting the 
index and middle fingers of the left hand into the 
rectum and pushing the gland upward. Before 
doing this, the left arm is covered down to the 
wrist with a towel. (The left hand is still covered 
with 2 gloves. The towel and outer glove are dis- 
carded as soon as the hand is withdrawn from 
the rectum.) The index and middle fingers of 
the right hand are inserted into the bladder and 
the index finger is passed through the internal 
meatus and prostatic urethra down to the antero- 
inferior aspect of the left lobe of the gland. The 
plane of cleavage between it and the prostatic 
capsule is opened by forcing the finger through 
the prostatic urethra at this point (Fig. 2). The 
finger is then swept round the lateral surface of 
the left lobe to the middle line of the posterior 
aspect of the median lobe. The finger is also 
made to pass around the inner surface to the 
middle line of the anterior aspect of the median 
lobe. 

A similar maneuver is carried out on the 
right lobe (Fig. 3). The attachment of the 
median lobe to the prostatic urethra may be 
broken with the finger. If this does not readily 
occur, it should be cut across with scissors. The 
gland is now delivered backward into the bladder 
and removed. If it is very large, it may have to 
be pulled forcibly through the bladder incision 
with forceps. In the majority of enucleations 
carried out in this manner, the gland comes away 
in one whole, consisting of 2 lateral lobes joined 
together posteriorly by the median lobe and open 
in front. If no median connecting isthmus is 
present, each lateral lobe has to be removed 
separately. 
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Fig. 4. Drawing of Harris’s electrically lighted self- 
retaining bladder retractor with posterior suction blade. 
The frame rests on the abdominal wall. The narrow blades 
of the retractor can be inserted into the bladder through a 
small incision and enable excellent visualization of the 
prostatic cavity to be obtained. The complete instrument, 
including lights and cord, is boilable. 


CONTROL OF HEMORRHAGE 


A fold of gauze is temporarily packed into the 
prostatic cavity whilst self-retaining bladder 
retractors are placed in position. If the bladder 
exposure has been made through the usual small 
incision, a Harris retractor (Fig. 4) is used. Its 
narrow blades are easily introduced into the 
bladder. If a larger incision has been employed, 
a Morson retractor may be used. Excellent 
exposure and illumination of the prostatic cavity 








Fig. 5. Drawingfof Harris’s boomerang needle and ligature carrier. 
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Fig. 6. Method for the insertion of the hemostatic 
sutures along the posterior segment of the rim of the pro- 
static cavity. 


is obtained with both these retractors, and as the 
posterior blade of each incorporates a suction 
aperture, the field is kept free of excessive blood. 

A series of catgut sutures (plain catgut No. 2) 
varying in number from 4 to 7 are inserted 
through the posterior segment of the rim of the 
prostatic cavity. Each suture is made to pass 
through the prostatic capsule in addition to the 
muscular edge of the rim. The use of the boomer- 
ang needle and ligature carrier of Harris (Fig. 5) 
makes the introduction of these sutures a matter 
of simplicity. Forward and upward retraction on 
the anterior margin of the cavity by a long, 
narrow bladed retractor facilitates the excur- 
sions of the boomerang needle. Before the sutures 
are inserted, any loose tags of mucous membrane 
or adenomatous tissue are cut away. Bleeding 
from all spurting vessels should be controlled after 
these sutures have been placed (Fig. 6). If any 
considerable ooze still occurs from the raw sur- 
face of the anterior portion of the prostatic bed, 
a transverse suture is passed by means of a 
larger sized boomerang needle through the side 
walls of the urethra. It is inserted just proximal 
to the anterior margin of the cavity and tangent 
to it. When tied it causes an inversion of the 
rim of the cavity and thus further controls the 
bleeding (Fig. 7). 

A two-eyed catheter, No. 22 F. mounted on a 
stillette, is then passed along the urethra into the 
bladder. Its tip is cut off transversely just beyond 
the distal eye. A long silkworm gut suture is 
introduced through the end of the catheter and 
the position of the latter is adjusted so that only 
the eyes project just within the bladder. The 


Fig. 7. An anterior transverse suture has been passed 
through side walls of urethra and tied. The catheter with 
tip cut off is in position and transfixed by the suture. 


maintenance of this position until the catheter 
suture has been hitched to the abdominal wall is 
ensured by grasping the catheter with a light 
clamp just beyond the point of the penis. The 
retractors are removed and a Freyer’s tube, size 
18-20 millimeters, with a glass-bend to which is 
connected a 16 inch length of rubber tubing, is 
inserted into the bladder. Along with the catheter 
thread, the tube is delivered through the upper 
extremity of the bladder incision. The latter is 
closed by 3 or 4 interrupted chromic catgut 
sutures No. 2. The 2 ends of the catheter suture 
are threaded on needles and passed through the 
skin on one side, about half an inch lateral to the 
edge and about half an inch apart. They are tied 
over a piece of rubber. While making the knot, 
the catheter is pulled to the full extent that the 
forceps, which have been placed on it, will allow. 
The tube is made to traverse the lower end of the 
abdominal incision which is closed above it by a 
continuous suture of No. 3 chromic catgut 
through the rectus sheath and _ interrupted 
sutures of silkworm gut through the skin. 

Before the dressing is applied, the bladder is 
irrigated through the urethral catheter and supra- 
pubic tube with hot saline. The dressing is fixed 
to the abdominal wall by adhesive strapping with 
the glass-bend left visible for inspection. 


POSTOPERATIVE CARE 


When the patient is returned to bed, the 
catheter is connected by a wide glass connection 
to a length of rubber tubing which drains into a 
bottle containing antiseptic at the side of the bed. 
The rubber tubing connected to the glass-bend 
of the suprapubic tube is drained into a separate 
receptacle (Fig. 8). One saline injection only is 
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given after operation, 10 ounces being allowed to 
run slowly into the rectum. At the first sign of 
restlessness on the part of the patient when 
coming out of the anesthetic, one third grain of 
omnopon with one hundredth grain of atropine is 
given. This may be repeated on 1, 2, or 3 occa- 
sions during the first 24 hours, after which it will 
probably not be required. Should any clotting 
take place, this will be apparent at once in the 
glass-bend and immediate irrigation with warm 
silver nitrate (1:10,000) is carried out. If this 
occurs at all, it rarely does so after the first 12 
hours. A bladder wash-out, however, is given on 
the first and second days. On the second day the 
suprapubic tube is removed and a dressing is ap- 
plied over the wound. If after a few hours any 
considerable suprapubic urinary soakage occurs, 
a suprapubic box is applied in lieu of the dressing. 
Otherwise changing the dressing twice a day will 
suffice. On the morning of the third day a 4% 
ounce of castor oil is given and 1 hour later 6 
ounces of olive oil are gently run into the rectum. 
The urethral catheter is removed on the sixth 
day by cutting across both ends of the suture 
which retains it, below the knot. On withdrawal 
of the catheter the suture comes away with it. 
During the period that the catheter has been in 
the urethra, the bladder is irrigated once daily 
with 2 pints of weak silver nitrate solution 
(1:10,000). It is convenient to have a suprapubic 
box placed over the wound during the wash-out 
if one has not been required for routine purposes. 
The patient is usually allowed up on or about the 
twelfth day when he is generally voiding urine. 
The majority are completely dry within 3 weeks. 
Throughout the period of convalescence, diure- 
sis is kept up to a maximum degree compatible 
with the patient’s comfort. He is encouraged and, 
if necessary, cajoled to drink at least 5 pints of 
fluids daily. ‘Starting with water, cold or warm, 
the fluids are varied after the first 2 days. Lemon 
water, lemon and barley, orange water, weak 
lemonade, and buttermilk are alternatives with 
which the patient is tempted to maintain his 
fluid intake. I have no hesitation in allowing 1 to 
2 pints of weak lager beer daily. It is an excellent 
diuretic and to some is a welcome change from 
the above mentioned blander types of fluids. If 
ior any reason, the fluid intake is not satisfac- 
tory and the urinary output is at a danger- 
ously low level, intravenous infusion of normal 
iline or dextrose (5 per cent) in normal saline 
ust be instituted. If this must be maintained, 
i| is given by the “drip” method. 
Satisfactory urinary antiseptic treatment in 
‘he early stages after operation is difficult, as the 


SUPRAPUBIC 


PROSTATECTOMY 


Fig. 8. Method of draining the bladder immediately 
after operation. The catheter suture is seen on the left side 
of the wound tied over a piece of rubber. 


urine tends to remain persistently alkaline as 
long as a suprapubic fistula is present. The 
flushing effect of the diuresis and the bladder 
lavage are probably the best forms of antisepsis 
but the urine should be rendered acid as soon as 
possible with acid sodium phosphate or ammo- 
nium chloride. Hexamine is then also given. 
TWO STAGE PROSTATECTOMY 

If because of impaired renal function or other 
reason, a preliminary suprapubic cystostomy has 
been carried out, removal of the prostate should 
not be performed until the elapse of at least 4 
weeks. By this time healing in the deeper layers 
of the suprapubic wound will have taken place 
and postoperative reaction subsided. In cases 
of marked renal impairment it may be necessary 
to wait several months until the maximum 
recovery of the kidneys has taken place. There 
are certain patients with permanent renal insuf- 
ficiency indicated by repeatedly poor renal func- 
tional tests who, nevertheless, can be safely 
brought through a two stage prostatectomy. If 
diuresis can be forced up to about 100 ounces per 
day and stabilized, and if the clinical condition of 
the patient is otherwise satisfactory, I believe 
that the operation can be performed without 
undue increase of risk. A recent case of this type 
was submitted to a successful prostatectomy 10 
weeks after a cystostomy with a blood urea 
which remained persistently around 65 milli- 
grams per cent. 











Fig. 9, left. The distended bladder has been punctured 
with a trocar and cannula. The trocar has been withdrawn 
and a Malecot tube, stretched on an introducer, has been 
passed through the cannula. 

Fig. 10. With the tube still stretched on the introducer, 
the cannula is withdrawn from the wound. The introducer 
is removed, thus allowing the tube to expand and the end 
to open out. The tube below cannula is steadied and lat- 
ter withdrawn. A water-tight suprapubic drainage results. 


The preliminary cystostomy opening should 
always be made as high as possible above the 
level of the symphysis. A distance of 2 inches 
should be aimed at. This facilitates the second 
stage and in addition will be advantageous to the 
patient in the event of either permanent or pro- 
longed temporary drainage proving necessary, as 
it ensures the easier fitting of a suprapubic 
apparatus. My preference is to puncture the 
distended bladder with a trocar and cannula and 
to insert a Malecot tube, size 28 Charriere, through 
the cannula. This can be done through an incision 
1 inch in length. The rectus sheath is incised and 
the fibers of the rectus muscles separated. The 
left index finger is passed down to the bladder and 
with it the perivesical fat and peritoneum are 
stroked upward. The trocar with cannula is 
sharply thrust into the bladder in front of the 
finger. The trocar is withdrawn and the Malecot 
tube, stretched on an introducer, is passed through 
the cannula. The tube is kept stretched and fixed 
in position, while the cannula is withdrawn out- 
side the incision. The hold on the tube is now 
relaxed, the introducer is removed, and grasping 


SURGERY, GYNECOLOGY AND OBSTETRICS 








the tube just outside the abdominal wall an:! 
steadying it, the operator withdraws the cannula 
completely (Figs. 9 and 10). One catgut stitch 
(or none) through the rectus sheath and 1 or 2 
stitches through the skin completes the operi- 
tion, which can be done under local anesthesi:. 
It is permissible to use this method through a smi'!] 
incision, only when the bladder can be satis- 
factorily distended and is palpable through the 
abdominal wall. When calculi have to be removed 
or when the bladder cannot be adequately dis- 
tended, as is sometimes the case after it has been 
subjected to continuous urethral catheter drain- 
age, exposure through a larger incision will be 
necessary. 

The incision for prostatectomy, when a cystos- 
tomy opening is present, passes for about 1 inch 
above and below the fistula which is encircled and 
excised. The bladder is separated by sharp dis- 
section from off the under surface of the rectus 
muscle and is incised downward from the open- 
ing. The operation is then proceeded with after 
the manner described for the one-stage operation. 
It may be found, however, that the abdominal 
wall is less pliable and that the bladder wall does 
not separate off easily. In these circumstances 
adequate retraction and good exposure of the 
prostatic cavity may be difficult. In the majority 
of two stage prostatectomies, however, there is 
less tendency to profuse bleeding after the enucle- 
ation of the gland and thus, if visualization of the 
cavity is difficult, insertion of the hemostatic 
sutures can be dispensed with. A larger tube, 
size 22/24 millimeter, should be used, however, 
to drain the bladder. If any anxiety is felt as 
to bleeding, the prostatic cavity should be packed 
with gauze which is delivered through the wound 
alongside the tube. 

The postoperative care is similar to that 
described for the one stage operation. If packing 
has been inserted, the bladder is not irrigated 
until the second day when the packing and supra- 
pubic tube are removed. Washing the bladder 
through the urethral catheter will soften the 
gauze and facilitate its removal. 


CONCLUSION 


The technique described is, I consider, the saf- 
est method of performing suprapubic prostatec- 
tomy. It reduces to a minimum the risks of 
hemorrhage and infection and is least likely to be 
followed by any postoperative morbidity such 
as vesical neck contracture or secondary cal- 
culus formations. 
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IMMEDIATE FULL THICKNESS GRAFTS TO FINGER TIPS 





JEWETT V. REED, M.D., F.A.C.S., and A. K. HARCOURT, M.D., 


Indianapolis, Indiana 


WORKINGMAN’S hands are one of his 
most valuable assets. Loss of any part 
or function of the hand reduces his 
potential earning ‘power. Amputated 

fingers or painful finger-end scars manifest them- 
selves in the pay envelope. Therefore, any step to 
improve results after injury of finger ends will be 
received gratefully by the workingman. 

I wish to describe a minor operation to be used 
in certain types of injury to the finger end which 
averts necessity for amputation or its alternative, 
thin-skinned, painful scar. The type of injury for 
which this operation is applicable consists in loss 
of soft tissues of the finger end, usually without 
loss of bone, such injuries as are sustained in 
slicing machines, with saws, in punch presses, or 
by pinching. The tissue loss may involve only 
the distal tip, skin, and soft tissues, sometimes 
exposing the bone: It may include one side of 
the whole distal phalanx sometimes involving the 
nail. It may remove the whole palmar pad 
(Fig. 1). 

In each of these situations, bone shortening 
must be performed if the flaps are to be brought 
together over the bone. And if such lesions are 
permitted to granulate and heal in, the thick, 
dense, fibrous scar, covered by thin cicatricial 
skin, results in a permanently painful scar which, 
on a finger end, seriously impairs the function of 
the hand. 

Such lesions can well be closed, I have found, 
with an immediate full thickness graft applied to 
the area of soft tissue loss. Full thickness grafts 
have been used with increasing frequency in re- 
cent years. Bunnell, Koch (5, 6), McWilliams, 
Padgett, and Updegraff, among many others, 
have cited their applicability in covering soft 
tissue defects. J. S. Davis, in 1926, did particu- 
larly interesting experimental work on the nutri- 
tion of transplanted skin tissue, concluding that 
in the first 24 hours a graft gets its nourishment 
from lymph flow from the bed, in the next few 
days by invasion of blood from the periphery, 
and that the graft does not develop adequate 
blood supply until 8 to 10 days. Blair emphasized 
the desirability of full-thickness grafts to avoid 
contracture. Koch (6), in 1931, and T. S. 
O'Malley, in 1934, described the use of grafts for 
“umputated finger ends. They both, however, ap- 
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plied the grafts to already amputated fingers to 
prevent further shortening of bone. O’ Malley in his 
paper gave interesting statistics from the Wis- 
consin Industrial Board on the economic loss due 
to amputations of fingers. 

Immediate full thickness grafts to injured finger 
tips can be done in the office or in the home. The 
technique is simple. The results in our experience 
have been quite satisfactory (Figs. 2, 3, 4, 5, 
and 7). 

The whole hand is very thoroughly scrubbed 
including the base of the injured finger. A local 
anesthetic of 2 per cent novocain with adrenalin 
is injected on each side in the proximal segment 
of the finger. Then the donor site is selected. 
Usually this is the volar aspect of the proximal 
fourth of the same forearm. In females, the 
lateral aspect of the thigh near the ilium is 
chosen in an effort to place the scar where it will 
be at all times covered. In one man this site was 
selected because other desirable sites were covered 
with lesions of psoriasis. The donor site is shaved 
and scrubbed thoroughly clean. No antiseptic 
dyes are used because of the possibility that they 
might cause injury to the graft. 





Fig. 1. Types of injury requiring graft. A, Slice wound 
tip, not exposing bone. B, Loss of one side of distal seg- 
ment and nail. C, Slice wound of pad without exposing 
bone. D, Loss of soft tissues side of digit without injuring 
nail. E, Avulsion of pad of finger exposing palmar aspect 
of distal phalanx. F, Loss of soft tissue exposing tip of 
phalanx. 
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ANALYSIS OF RESULTS IN 53 CASES 



































































































30 19 6—- 8-36) 7-1 36) 5 6-36/L.M.&R. 


8-24-30|L.T. 


31 33 6-25-36| 8-17-36 

32 52 7-30-36] 7-31 36) 8-27 s61RLL. 

33 13 | 8 2-36] 8- 4-36 9 19 36 L.R 

34 19 8- 3-36] g- 2 36| 9 19-36|L.R 

55 56 8-17-36 3 18 36|10 31-36|R.R 

36 49 Q- 3-36|10- 2-36|10-26-36|R.M 

9 50 9g-22-36| g-22~-36|11-13-36|R.1. 

38 21 9 ee 36| 10-26-36 a 7-36 R.M.&R.) Cat 































































































Caught in punch press 





( “aught i in gears 


Pinched off by shackle s spring © 


Caught in : punch die 


Cc aught in in | punch press 


C aught in gears of crane 


Sliced off on sharp tool 


} Mas hed i in ) machine 


Cc aught j in punch press 





| ) oO F ri | 
Case | Age va | | Date of . fis. . a Manner of injury | End-results 
a on charge | i i ee Do ee Sse 
I 43 | 9-18-34|10-22-34 Mashed in steel girders No permanent impairment 
2 7 + Mashed between wrench and nut No No permanent impairment ae a 
3 45 | Caught in screw machine No, permanent impairment a 
4 21 Caught ring tearing off skin Impairment ‘amounted to 35 per cent a 
5 53 Caught in punch press No permanent impairment 
6 28 | Bone protruded through skin neces-| Impairment amounted to 50 per cent 
} | sitating amputation 
7 47 4- 3-35] 4-22 35| 18 35|L.L. | Cut with steel chip—pad amputated] No permanent impairment _ 
8 41 = 5-19-35 et Me R.R. Cut in glass—middle finger mashed] Not under our care; finger soaked; graft soushed 
9 4 6-26-35 60-35 R.1. | Cut with power saw No permanent impairment —_ 
10 25 7 3-35] 8-12-35 5|R.R. Caught between table and shaft Impairment amounted to 15 per cent 
II 35 7-3 35| 8- 5-35| 8- 6 35|R. I. Caught in punch press No permanent impairment 
12 | 64 + - 8 35 ¢ 3-35 "m1 -35|R.1. Caught in machine Compound fracture with 50 per cent atrophy thew 
| end 
13 51 8- 9-35] 9-23-35] 2-20-36] R. M. q Pinched off by steel door No permanent impairment; ns nail dystrophy 
“44 “3 ¥ 8-14-35 3 30-35 10 alk _| Cut with power saw No permanent impairment 
“15 rs o- 5-35| o- 6-35) 10-19-35|L.T. | Caught in kick press Impairment amounted to ro per cent 
” 6 | as | 9 18-35|14- 5-35| 11-16-33|R.I. | Cut with power saw ‘Impairment amounted to 50 per cent; graft exceller nt 
: | el ees & __ | a Been but bony loss occurred 
17* 25 9-24-35| 10-18-35] 11-13-35|L =a Cc ‘aught i in coal hopper No permanent impairment; pad avulsed 
18 ey 21 o-28 35 10-29-35|12 2-35 Planer amputated tip No permanent impairment 
19 0 10- > 35 11- 4-35 12- 1- c ut on roller—steel No permanent impairment 
20 37 10-31-35 . 4-35 : 13 36/R.L& M.| Caught in carburetor avulsed pads ‘No permanent impairment 
ek eis scatsitrdd Ponce ah a seiliainciincapieiensititaai : 
21 21 |12—- 3-35) 1- 7-36] 1-10 36/L. I. Caught in joiner No permanent impairment 
22 28 |12 20 35|12 20 35| 1-24-36|LM M. Caught in meat slicer No permanent impairment 
23 53 2- 5-36) 2 Pad pinched off in car door No permanent impairment 
25 | 36 | 2- 6-36] 2 Cut with power saw No permanent impairment a 
25t 30 2- 7-36 - 20 36 5 - 36} IR. M. &R. Caught in punch press ; Impairment aimounted to 20 per cent for each finee r 
26 ‘ss 4-13-36] 4-14-36 5-25-36] IL. M. i Pinched off by stone dropping No permanent impairment. _ oo 
27 28 4-14-36) 6- 6-36) 6 24-36|R. M. Caught in machine _ 4 No permanent impairment 
28 52 5-14 af . 3-36 7 17 7-36) RL Cousht in veneer — No impairment to index finger; middle and sine Gases 
| amputated 
29 30 5-27 | 36 L “% Torn off by sharp edee of steel Graft was good; bone was amputated ‘neid 





No impairment to middle finger; impairment amounted 
to 10 per ¢ cent for ring finger—grait slipped 








No ‘permanent impairment ( 12 2 hours’ delay) 


No permanent impairment 


due to eczema psoriasis 


No permanent impairment; 
skin taken from thigh 


No permanent impairment 


No permanent impairment 


No permanent impairment 


Impairment amounted to a Io per cent t deformity 





Grafts were said an impairment of 50 per cent for cach 
finger due to bone loss 





*All patients were white with 2 exceptions. 
tAll patients were male with 2 exceptions. 
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CASES—Continued 











| Date of | | Date of | Date of | Digit 


Manner of injury 


End-results 






































































































































: | 
Case | Age | | return dis- “ 
| injury | to work charge [involved 

39 21 |10-28-36}12- 2- 36/1 12-18-36 L.I. Caught in kick press Impairment to 25 per cent due to scar 

40 38 |11-23-36| 1- 4-37] I- 4-37 RIL I. | Caught in drum of machine No > permanent impairment 

41 19 I- 4-37] 2- 3-37| 5-17- 37| R. R. | Cutter sliced off finger A 50 per cent bone loss and nail dy etrophy; a prolonged 

| case 

42* 31 | 1-29-37| 3-22-37] 4 7\R. R. ee aught i in cogs Impairment of 10 percent; alarge graft required because 
| } | of an exceptionally bad phalanx exposed on palmar 
| | " | | aspect and tip 

43 | 190 2- 5-37] 3- 1-37| 4-24-37|L.M. | Gaught in punch press | A bony loss of 50 per cent; patier nt was a piano player 

14 §2 | 3-12-37| 3-15 37| 4-17-37/|L.1. | Caught in air press No permanent impairment 

es | Pe beast eames. acne — 

45 | 25 | 6-23-37] 7-10-37| 8- 2-37|R.M. | Casting mashed finger Impairment amounted to 10 > per c cent; tenderness 

46 31 | 6-26-37| 7-24 37 7-31-37\L.I. Caught in bottle crowner No permanent impairment 

47 28 —28 37 8-16- 37| Q- I-37 IL. M. Pawched: between rack and door Impairment of 50 }O per cent due to aa loss 

18 25 8-20-37] 9-20-37 lro- 2 -37/R.I. Caught in punch press ‘No permanent impairment to Gnger grafted: 2 other 

| fingers amputated at same time 
af | | | ape 7 eee oii rien Fa "t 
190 48 |10- 6-37|10-26-37|12-18-37|L.L. Pinched’ Ratu on cable ae drum | No pe rmanent impairment 
- | a ebiciasenca tte a8 Z . 

50 18 |1I- 3 37|12-15 37| 1-13-37|L.M. Caught i in food grinder Kenpaieniend amounted to 50 per cent; ‘graft sloughed; 
| | bone loss and painful scar 

51 42. |12- 4-37] 1- 5-38) 1-11- 11-38, R. T. Cut ut with | power saw No permanent impairment 

52 | 60 |12-21-37| 1-24-38] 2-10-38 IL nF Pinched i in machine Graft good but a 50 per cent t bone loss 

s3t 26 |12-26- 37| 2- 3-38] 2-16-38 RI. Pinched in ‘roller Impairment amounted to 30 per cent; a finger-nail 


deformity 





*All patients were white with 2 exceptions. 
TAll patients were male with 2 exceptions. 


A horse shoe shaped line (open distally) is then 
injected with local anesthetic leaving within its 
perimeter an area of skin amply sized for the 
graft. By this time the injured finger end is 
numb. Loose tags of skin are trimmed and the 
finger very thoroughly scrubbed. No hemostasis 
is applied except pressure. The terminal arteries 
in the finger rarely require ligature. The knotted 
ligature beneath a graft is undesirable. The blood 
supply should not be impaired unnecessarily. 

After the lesion is thoroughly cleansed, a pat- 
tern is made of the skin defect. This may be 
made by outlining the defect on sterile gold foil, 
mesh, or crinolin. A much simpler method may 
be used. A smooth gauze pad of about 2 or 3 
thicknesses is pressed firmly on the lesion and 
immediately pressed on the donor site. The trans- 
ler of moisture and blood stain so accomplished 
outlines the size and shape of the graft very well. 

The pattern is outlined with a sharp scalpel. 
Near the margin of the graft care must be taken 
to separate the skin from subcutaneous tissue 
accurately. This is not so important toward the 
center of the graft. In fact when the bone in the 


linger end is projecting or when the pad of the 
\inger has been avulsed, it is desirable to include 
ome subcutaneous fat attached to the center of 
ihe graft. 


The removal of the graft should be 


done as rapidly as consistent with good surgery 
and handled as little as possible to preserve the 
vascular channels within the graft. Immediate 
full thickness grafts get their blood supply from 
the margins of their new site only, in the first 24 
hours. 

The graft is immediately transferred to the in- 
jured finger and sutured into place by means of 
very small cutting edge needles and ‘A”’ silk. 
The sutures should be interrupted; continuous 
sutures choke off blood supply. If the pattern 
has been made accurately, the graft will be under 
slight tension when the suturing is complete. The 
suture ends should be carefully directed away 
from the graft so that none of them adhere to it 
or press down in it. A dry gauze square is then 
placed over the graft and held in place with a 
moderately tight bandage. The donor site is 
closed in a straight line, either transverse or 
sagittal, by undermining the margins. 

The patient is advised to keep the hand de- 
pendent a part of the time. The dressings are not 
changed for 5 days. The sutures are not removed 
from the perimeter of the graft for 2 weeks. 
Usually at the end of 5 days the graft is pink and 
dry. Dressings can usually be left off after about 
4 weeks. On removal of the dressings, the graft 
appears similar to the surrounding skin except 
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Fig. 2. Fig. 3. 
Fig. 7. Fig. 8. Fig. 9. Fig. to. 


that fine hairs, transferred in the graft, may be 
seen (Figs. 7, 8, 9, and 10). 

In the practice of the Indianapolis Industrial 
Clinic this operation was performed 57 times be- 
tween September, 1934, and January 1, 1938, on 
53 patients. In each instance, further amputation 
would have been necessary to avoid painful scar. 
Thirty-three of these fingers healed without any 
permanent impairment. Of the 24 remaining, 9 
were adjudged permanently impaired because of 
material bony shortening occurring with the in- 
jury. In these instances the graft was performed 
to prevent further shortening. One was a pianist, 
another played a stringed instrument. 

In the 15 remaining, 3 were complete failures of 
the graft. In 1 of these 3 another finger of the 
same hand required constant hot fomentations 
and the grafted finger was soaked with it. The 
graft sloughed completely and subsequent ampu- 
tation was necessary. In the 2 others, the graft 
sloughed because of lack of nutrition. The result- 
ing scar was somewhat better than could have 
been anticipated without graft. The 12 others were 
considered 10 to 35 per cent impaired due to 
dystrophy of the nail or deformity of the finger 
end without shortening. 

An interesting analysis of these 57 digits from 
an economic viewpoint is given in the accompany- 








Fig. 4. Fig. 5. Fig. 6. 


Fig. 2. Digit ready for graft. Loose and contaminated 
soft tissue trimmed off. 

Fig. 3. Sterile gauze is pressed against denuded area, 
receiving stain. 

Fig. 4. Gauze is pressed on to donor site, transferring 
stain. 

Fig. 5. Stained area is outlined with scalpel and graft 
lifted. 

Fig. 6. Graft is transferred to tip of digit and sutured 
with interrupted black silk sutures. 

Fig. 7. Appearance of typical graft at end of 6 weeks. 

Fig. 8. Case 13. Two years after graft. Note nail 
dystrophy. 

Fig. 9. Case 20. Appearance of fingers 2 years after 
graft. 

Fig. 10. Case 32. One and one-half years after graft. 


ing table. Under the Indiana Compensation Law 
specific permanent impairment allowances are 
made for the loss of each digit: 60 weeks’ com- 
pensation for the thumb, 40 weeks’ for the index 
finger, 35 weeks’ for the middle finger, 30 weeks’ 
for the ring finger, and 20 weeks’ for the little 
finger. Bone shortening distal to the proximal 
interphalangeal articulation calls for one-half of 
the respective amount. The law specifies that a 
material bone loss from the distal end of the bone 
constitutes bone shortening. 

In each of these cases then, if not grafted, there 
would have been bone shortening with a loss to 
the insurance company of one-half the digit. The 
total loss so incurred would have amounted to 
1,045 weeks of compensation. The actual period 
of disabilities of these cases totaled 191 weeks. 
Additional compensation payments for permanent 
impairments in the whole series totaled 184 weeks; 
375 weeks of compensation were paid. This opera- 
tion then can be credited with saving 670 weeks 
of compensation, besides the conservation of tissues 
and improvement of function for the patient. 


CONCLUSIONS 


An immediate full thickness graft, applied to a 
finger end suffering soft tissue loss, conserves 
length and averts painful scar. 
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The technique is simple. The end-results are 
satisfactory to the individual, to the surgeon, and 
to the person, or to the company liable for the 


injury. 
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THE DERMIGRAFT 


STANLEY ROCHELLE DEAN, M.D., Newtown, Connecticut 


HE method of skin grafting that I am 

about to describe was developed experi- 

mentally for the purpose of correcting 

certain disadvantages inherent in the 
Wolfe-Krause whole thickness graft. A thick 
graft is generally superior to a thin graft of the 
Ollier-Thiersch type for the following reasons: 
It contains all the dermal elements and remains 
soft and natural in texture; it has a higher re- 
sistance to infection; a “take” is fairly certain 
with proper technique and a clean field; it gives 
better protection to weight-bearing surfaces; a 
large surface may be covered with minimal con- 
tracture; a successful “‘take”’ will, in most cases, 
closely simulate the natural cutaneous surface; 
and, in a previously depressed area, some months 
later a thin layer of fatty tissue is deposited 
almost always beneath the graft so that it rises 
to the level of the surrounding skin. Thick skin 
grafts may be used in almost any situation, but 
are especially useful for covering joints and other 
parts of extremities where there is constant ex- 
posure to trauma, for example, defects in the 
popliteal space, the elbow, the forearm, the leg, 
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and both aspects of the hand. They are also usefi:| 
in re-epithelializing raw surfaces after deforming 
scar contracture in the palms of the hands, back 
of the neck, and on the face, after excision of nevi, 
and for old chronic ulcers. 

A serious disadvantage, however, lies in the 
fact that a Wolfe graft, if large, leaves a fresh 
defect at the donor site, which in turn may re- 
quire further grafting. The dual rdle of the dermi- 
graft is designed to overcome this shortcoming. 
On the one hand it provides a means of removing 
large, thick skin grafts from a given area; on the 
other, it enables one to re-epithelialize the result- 
ing defect in this area with its own skin, and in 
one operation. 

In Figure 1, strips of epidermis have been cut 
and reflected back upon a piece of gutta percha 
like Thiersch grafts, the bases of the strips, how- 
ever, remaining attached in order to retain the 
blood supply intact. In the rectangular, sub- 
epidermal area, which has thus been exposed, a 
graft is measured to fit the recipient defect; this 
graft is outlined with a scalpel, the incision going 
through the remainder of the corium. 
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DEAN: 


Figure 1a is an enlarged view of the field of 
operation; it shows the marked normal shrinkage 
of the dermigraft when the dermis is cut com- 
pletely through to the fat, and also the retraction 
of the skin edges. Note that sutures have been 
placed at cardinal points through the dermigraft; 
these sutures may be used instead of a hook for 
lifting the graft when dissecting it free from the 
underlying fat. They also may be rethreaded 
and used subsequently to suture the graft into 
its new bed. 

Figure 2 shows the defect in the donor site re- 
covered with its own skin, the reflected strips of 
epidermis having been returned to their original 
positions. If the grafts are large, V-shaped in- 
cisions are made in them here and there in order 
to allow the immediate escape of air bubbles and 
the subsequent discharge of serum. This is es- 
sential, as absolute contact of the graft to its bed 
is necessary for success. 

When a subepidermal graft is prepared in the 
manner described—care having been taken to 
make the epidermal reflections as thin as pos- 
sible—only a small amount of punctate bleeding 
will follow from the cut tips of the dermal papille; 
between these papillz in the depths of the corium 
islands of the basal cell layer (rete pegs) are left 
behind, and it is from the remains of these rete 
pegs that the skin in the transplanted dermigraft 
is regenerated, just as is the case in any sta- 
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tionary site from which Thiersch grafts are re- 
moved. 

Following my experiments with this method, 
first upon the human cadaver, and later upon 
rabbits, Dr. V. H. Kazanjian of Boston utilized 
it clinically. His patient was a man of 40 who 
required an extensive plastic operation on the side 
of his face. In one of the stages of operative re- 
construction, an area on the side of his neck, 
measuring % inch by 1% inches in diameter, was 
covered with a dermigraft. The survival of the 
graft and the re-epithelialization of the donor 
area on the thigh were regarded as an experi- 
mental success, although the defect in this case 
was too small to prove the practical value of the 
method. 

Details of the operative technique, dressings, 
etc., have been omitted from this preliminary 
discussion, since they may be subject to such 
wide variation in different hands. The main 
principles, however, are similar to those which 
have been laid down for the transplantation of 
skin in general. Although the method as de- 
scribed is, as yet, little more than a suggestion, 
it is hoped that it may prove to be an interesting 
addition to the armamentarium of the plastic 
surgeon. 

Dr. E. B. Potter, department of surgery, University 
of Michigan Medical School, rendered valuable assistance 
with the operative technique in the animal experiments. 








NJURY of the pleura during renal operations 

is not uncommon, and traumatism to the 

diaphragm is not rare; Mayo reported that 

the pleural cavity was opened 13 times in 203 
renal operations. Frequently insuperable obstacles 
to satisfactory closure have been reported by 
various operators. As a result, gauze packing 
placed in the pleural and diaphragmatic tears 
has been used frequently. 

We have recently had a case in which a pre- 
viously ruptured kidney was surrounded by such 
dense adhesions that, while carrying out nephrec- 
tomy, an extensive tear was made through the 
diaphragm into the pleural cavity. Approxima- 
tion of the torn edges was impossible. With full 
knowledge of the poor results that often followed 
the use of a gauze pack in such cases, we deter- 
mined to make every effort to close the defect. 


From the James Buchanan Brady Urological Institute, Johns 
Hopkins Hospital. 
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DIAPHRAGMATIC INJURY COMPLICATING NEPHRECTOMY) 
A Method of Closure 
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SAMUEL A. VEST, M.D., Baltimore, Maryland 


Being unable to approximate the edges, we finaliy 
discovered that by placing mattress sutures be- 
tween the ribs and out through the skin, so is 
to draw the inner edge of the ruptured diaphragm 
snugly against the chest wall, effective closure of 
the large diaphragmatic opening could be ob- 
tained without difficulty. The condition present 
(which will be described in the case report) is 
shown graphically in Figure 1, zr. The large tear 
in the diaphragm is shown in Figure 1, 2. The 
technique, which effected complete closure and 
obliteration of the space in a simple way, is 
shown in Figure 3. The diaphragm was drawn 
by mattress sutures which emerged from the skin 
and held the diaphragm snugly against the chest 
wall. After a careful survey of the literature, it 
seems that this technique has not been employed 
previously. It has proved so satisfactory in han- 
dling an extensive diaphragmatic injury that a 
detailed report of the operation seems warranted. 
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Fig. 1. 1, Schematic drawing showing small, sclerotic kidney, very adherent to 
diaphragm. 2, Showing condition after removal of kidney and ligation of pedicle—a 
large tear through diaphragm into pleural cavity (B.U.I. 25174). 
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CASE REPORT 

B.U.I. 25,174, T. E. H., aged 51 years, was seen October 
6, 1936. He complained of recurrent colic-like attacks of 
pain in the right flank for 20 months. The pain was in- 
capacitating and accompanied by frequency and urgency 
of urination and pyuria. A leg and the 5 lower ribs on the 
right side had been fractured in an automobile accident 
in 1924. 

The abdomen was thin and relaxed and there was ten- 
derness in the right flank and costovertebral angle. The 
genitalia were normal. The prostate was slightly en- 
larged. The hemoglobin was 95 per cent; white blood 
cells 10,200; blood pressure 108/70; and blood urea 4o. 

Cystoscopy showed a normal bladder and vesical orifice. 
From the right ureteral orifice exuded a thick, viscid, 
mucopurulent stream; the left ureteral orifice was normal 
and emitted clear urine. Catheterized specimens from both 
ureters were sterile on culture. The results of the phthalein 
test were as follows: right ureter, only a trace of phthalein; 
left side, appearance time 4 minutes, 25 per cent output 
in 15 minutes. 

A plain urogram (Fig. 2) showed what was thought to 
be a calcified hematoma inside the right kidney, which was 
practically functionless as a result of traumatic rupture. 

Operation, October 12, 1936, was begun with the patient 
under spinal anesthesia, but nitrous-oxid, oxygen and ether 
were later necessary on account of pain. An incision to 
expose the kidney was made from just beneath the middle 
of the twelfth rib down to well below the tip toward the 
umbilicus. The external and internal oblique muscles were 
divided, thus exposing the lumbodorsal fascia, which was 
next opened, with retraction and preservation of the 
iliohypogastric nerve. Gerota’s fascia did not have 
the normal appearance, but was replaced by a thick, 
fibrous scar, firmly adherent to the ribs and dia- 
phragm (Fig. 1). It was apparent that the kidney 


Fig. 2. Roentgenogram showing large, irregular 
shadow in region of right kidney (B.U.I. 25174). 
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had been previously ruptured, and the true capsule to- 
gether with Gerota’s fascia, perirenal fat, and peritoneum 
had been converted into a thick, dense, fibrous tissue. 
Approximately an hour was spent in attempting to find a 
plane of cleavage so as to identify the surface of the kidney. 
The ideal procedure would have been an intracapsular 
nephrectomy, but the renal fossa was so filled by cicatrix 
that the surface of the kidney could not be identified. 

As nephrectomy was imperative, we then attempted to 
remove the fibrous mass in which the right kidney was 
situated. It was necessary to cut the scar away from the 
inner surface of the previously fractured lower ribs and 
the diaphragm; in so doing an opening into the diaphragm 
of about 3 finger-breadths was made (Fig. 1). The usual 
sucking noise was heard. This opening was tightly packed 
with gauze because it was not feasible to attempt suture 
until the kidney was removed. The fibrotic kidney was 
finally located and the pedicle sufficiently isolated so that 
clamps could be placed. After the kidney was removed the 
stump of the pedicle was ligated with two No. 3 chromic 
catgut sutures. 

As there were cavities containing purulent material 
surrounding the kidney, every effort was made to close the 
opening in the diaphragm. Eight sutures were placed 
through either side to bring the torn margins together, 
but without success. While this was being attempted, 
positive pressure was alternately carried out by the anes- 
thetist with the inhalation machine so as to reduce the 
pneumothorax to a minimum and also to push the edges 
of the diaphragm down so they could be caught with the 
needle. 
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Fig. 3. Showing mannerin which mattress sutures were placed 
to close large opening through diaphragm (B.U.I 25174). 
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It then occurred to us that the large tear could be oblit- 
erated by drawing the diaphragm against the chest wall. 
The technique employed was as follows: Five mattress 
sutures of heavy chromic catgut were placed in the medial 
margin of the diaphragmatic opening. With a large, 
curved, cutting needle these sutures were carried across 
the diaphragmatic defect, transpleurally, and through the 
intercostal muscles of the tenth and eleventh ribs (Fig. 3) 
and brought out through the skin. When they were pulled 
taut, we could feel the medial margin of the diaphragmatic 
defect shift laterally until it was brought tightly against 
the chest wall, no further sucking noise was heard, and 
the opening appeared to be tightly closed. The method em- 
ployed was simple and effective. 

After the sutures were tied over gauze (Fig. 3) it was 
realized that the lung had not been expanded enough to 
force air out of the pleural cavity. The pneumothorax was 
therefore reduced to a minimum by aspiration through 
an intercostal space by using a large needle and aspirating 
syringe. The incision was then closed in the usual way. 

The patient was given a transfusion in the evening after 
operation and placed in an oxygen tent for 48 hours 
because of moderate dyspnea. After the second day, 
convalescence was uneventful. A proteus infection was 
found in the bladder urine after operation, but disappeared 
after a course of mandelic acid. A roentgenogram of the 
chest at the end of 15 days showed evidence of a little 
fluid at the base, but no aspiration was necessary. The 
patient was discharged well with the exception of a small 
sinus in the upper angle of the wound at the site of the 
drain, which soon healed. 

Eighteen months after operation the patient was in 
excellent health and had gained 60 pounds, 

The most common cause for opening into the 
pleura during exposure of the kidney is an ab- 
normally low posterior insertion of the diaphragm 
below the twelfth rib. The next in frequency is 
a short twelfth rib, so that the incision for expo- 
sure of the kidney is made under the border of 
the eleventh rib and directly into the pleural 
cavity. The pleura is also opened at times during 
rib resections made to increase the exposure, but 
the diaphragm is usually not injured in such in- 
stances. Unless a suppurative renal condition is 
present, injuries to both pleura and diaphragm 
incident to exposure are generally sutured with- 
out difficulty and, if properly handled, without 
mortality. Cabot has seen 2 patients in whom the 
pleura was injured at operation, but the pneumo- 
thorax was not recognized until late in convales- 
cence, 

Injury to the pleura and diaphragm during 
actual mobilization and removal of the kidney 
is often more extensive than those made during 
incision and exposure. They are more inaccessible 
and may present a difficult surgical problem 
in closure. 

Quinby states: 


“Tn cases demanding nephrectomy there not infrequently 
are found conditions external to the kidney itself which 
make an accidental opening of the pleural cavity very 
difficult to avoid. Indeed, such injury to the diaphragm 





may occur in certain instances even under the most exper: 
hand with the most skillful dissection ....even durin 

an operation of the subcapsular type... . This acciden: 
is most apt to arise when the perirenal tissue has bee) 
greatly infiltrated with inflammatory products, thus fixin« 

the kidney closely to its surroundings... . / An accident: | 
rent in the diaphragm .. . . most often occurs... . while 
an endeavor is being made to deliver the upper pole.” 


Gaza has written on the dangers of nephrec- 
tomy in cicatricial paranephritis, and advocates 
piecemeal removal of the kidney in such cases 
so as to avoid injury to the diaphragm. 

Various methods have been employed by sur- 
geons to close injuries in the pleura and diaphragm. 
Rathbun routinely employs fat transplants in 
placing his sutures. Hesse, who collected 19 cases 
in which the diaphragm was deliberately resected 
because of invasion from renal tumors, describes 
the method of Anshuetz whosutured the diaphragm 
directly to the liver, a method also employed by 
Oppel. Borchardt used lung to repair the opening 
in the diaphragm. Hesse reported a case in which 
a large defect exposed the pericardium. He used 
liver and lung to close the opening in the dia- 
phragm. In his 1g collected cases of extensive 
defects in the diaphragm following nephrectomy 
for renal tumor, Hesse states that button sutures 
were used in 6 to bring the margins together, 
while in 3 cases portions of the abdominal wall 
were utilized. The thoracic wall was used in 1 
case and the lung in 1. The liver was used in 4 
cases. In 5 no data were given as to the method 
employed. 

In our case it was impossible to approximate 
the diaphragmatic margins, but by means of 
traction sutures, which ran transpleurally and 
through the intercostal spaces and skin, it was 
possible to pull the medial margin of the pleural 
and diaphragmatic defect out against the wall 
of the chest and to effect a tight closure. Maylard 
used transpleural sutures to fix the kidney in 
nephropexy. Since his first usage Moore, Foley, 
and others have employed transpleural sutures in 
such cases without complications. It is therefore 
evident that there is no great danger in bringing 
sutures out transpleurally between the ribs and 
through the skin. Heuer in transplantation of the 
diaphragm in dogs has sutured the diaphragm to 
the intercostal muscles, but such a method would 
not be effective in cases such as the one we have 
reported. In preparing to report our case we 
found in the literature that a method somewhat 
similar to that employed by us was used by Bryan 
in 1927 to anchor the diaphragm to the chest wall 
in a case in which there was complete evulsion 
of one sheath of the diaphragm. Through the 
intercostal approach the torn margin of the dia- 
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phragm was caught by sutures and tied outside. 
The patient died immediately after operation. 
No case similar to ours has been found in the 
literature. en. 

CONCLUSIONS 

Accidental injuries to the diaphragm and pleura 
are not infrequent occurrences during exposure of 
the kidney. Most of these are readily sutured 
and rarely cause serious complication, although 
reports of mortality from this simple accident 
have been made by Fronstein and others. More 
extensive injuries to the diaphragm incident to 
delivering the upper pole of the kidney in cases 
with marked perinephric adhesions and scar for- 
mation are rarely encountered, but when they do 
occur, the closure may present a difficult surgical 
problem. They have usually been packed with 
gauze, but such treatment is often followed by 
serious complications and should be avoided. 

A case is herewith reported of extensive injury 
to the diaphragm during nephrectomy resulting 
from dense perinephric adhesions and scar. A 
technique is reported for the use of traction sutures 


introduced transpleurally through the skin to 
draw the diaphragm against the chest wall and 
close the rent in the pleura. The operation is so 
simple that its value is emphasized in the opera- 
tive handling of these diaphragmatic injuries. 
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FIBROMA OF THE MIDDLE METACARPAL BONE 


Resection and Reconstruction 


DANIEL H. LEVINTHAL, M.D., F.A.C.S., and JACK D. KIRSHBAUM, M.D., MLS., 
Chicago, IIlinois 


HIS rather unusual lesion of the meta- 

carpal bone is presented because of its 

peculiar histopathological picture, radio- 

logical diagnostic difficulties, and the 
unique reconstruction with an almost perfect 
end-result. 


The patient, a white female, 16 years of age, born in 
Italy, was admitted to the orthopedic service February 11, 
1930, from the outpatient clinic. The past history, general 
physical examination, and serological examination were all 
negative. The complaint was a progressive swelling of the 
dorsum and palm of the right hand which was first noticed 
about a year prior to her admission to the Cook County 
Hospital. The local examination showed shortening of the 
middle finger of the right hand, and a fusiform swelling 
about the size of a large walnut in the region of the middle 
metacarpal bone, extending into the palm and on the 
dorsum. There was only a moderate limitation of motion 
of the middle finger, due to the palmar swelling, but there 
was no associated pain except on pressure. 

The roentgenogram showed a lytic expanding tumor of 
the middle metacarpal bone with absence of cortex along 
parts of the shaft (Fig. 1). The base of the metacarpal for 
about 1 centimeter appeared uninvolved. There was a tiny 


From the Departments of Orthopedic Surgery and Pathology, 
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Fig. 1. Roentgenogram before operation, showing ex- 
panding lytic tumor of the middle metacarpal bone. Com- 
plete destruction of the shaft including cortex, some 
trabeculation. There is a thin remnant of bone of fairly 
normal density in the subchondral region of the head of 
the metacarpal, and about 1 centimeter of normal appear- 
ing bone at the proximal end. Note the shortening of the 
metacarpal. 


crescent of bone just beneath the distal articular surfac: 
The rest of the shaft was completely destroyed. This mid- 
dle metacarpal was shorter than the two adjacent ones. 
The pre-operative diagnosis was benign giant cell tumor. 
Operation. On February 12, 1936, the right hand and left 
leg having been prepared previously in routine manner, the 
following operation was performed: Under general anesthe- 
sia and with a blood pressure cuff as a tourniquet, a 
longitudinal incision was made on the dorsum of the hand 
over the mass. The extensor tendons were gently re- 
tracted, and the outer capsule of the tumor mass was 
incised. By careful dissection, the entire mass including 
the head of the metacarpal was freed from its bed, and 
separated from the apparently normal proximal 1 centi- 
meter which was allowed to remain in situ. This proximal 
stump was funneled. From the left tibia, a graft 7 by 1 by 1 








Fig. 2a. Photograph of the gross specimen showing 
(A) cut surface, (B) the external aspect with some capsular 
layers; b, roentgenogram of the specimen. Note the bony 
trabecule. 
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Fig. 3. Photomicrograph of the tumor mass. Note the 
dense fibrillar appearance of the lesion and in one area a 
spicule of bone. 


centimeter was removed with the motor saw. It was 
rounded at its distal end by a rasp, and its proximal end 
was coned. The coned end was placed into the previously 
prepared funnel of the metacarpal stump, and the distal 
end was articulated with the proximal phalanx. The outer 
envelope was sutured over the graft and the areolar tissue 
carefully approximated around the extensor tendons. The 
skin was approximated with black, waxed silk. A plaster 
cast was applied with the middle finger slightly hyper- 
extended. 

The report from the pathology laboratory follows: The 
specimen, S. 905-36, consists of a metacarpal bone trans- 
formed into a tumor mass 5 by 3 by 2 centimeters. It is 
firm and encapsulated; the distal end is smooth and the 
proximal end is roughened (Fig. 2). On sectioning, the 
mass presents a uniform, grayish-white tissue. Microscopic 
examination revealed a tumor consisting of a dense fibrillar 
connective tissue (Fig. 3) which in places shows metaplasia 
into osteoid tissue and bone (Fig. 4). There are groups of 
multinucleated giant cells of osteoclast type (Fig. 5) which 
are sometimes related to spicules of bone. The histological 
picture.is distinctly different from a giant cell tumor in 
which the dense connective tissue is not encountered. A 





_ Fig. 5. Photomicrograph showing metaplasia of fibrillar 
tissue into osteoid tissue and bone. 


_ Fig. 4. Photomicrograph showing scattered groups of 
giant cells of the osteoclast type in the dense fibrillar 
stroma. 


diagnosis of dense fibroma with focal areas of osteoid 
metaplasia was made. 

The wound healed by primary intention, and the patient 
was discharged from the hospitai on March 7, 1936. The 
cast was removed on the twenty-eighth day and physical 
therapy, consisting of whirlpool, massage, and active and 
gentle passive exercises, was instituted. 

The patient made an uneventful recovery with almost 
complete return of both form and function. The length of 
the finger was restored (Figs. 6, 7, 8). Roentgenograms 
taken May 14, 1936 (Fig. 6), 92 days after operation, show 
the early restoration; those (Fig. 9) taken May 16, 1938, 
approximately 27 months after operation, show the trans- 
formation of the graft into a true metacarpal bone with 
notched head, neck, cortex, and marrow cavity formation, 
and the photographs (Fig. 10) show the appearance and 
range of motion at this time. 


Fibromas of bone are extremely rare and when 
so diagnosed frequently prove to be fibrosarcomas. 
Geschickter and Lewis state that “most of the 





Fig. 6. Roentgenogram showing reconstruction of meta- 
carpal by tibial graft. Note restored length of the finger. 
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Fig. 7. Photographs taken 6 months after operation 
showing range of motion. The upper photograph shows 
the scar on the dorsum. The lower photograph shows very 
moderate limitation of flexion. 


fibromas involving bone reported in the literature 
are either healing giant-cell tumors, bone cysts, 
or osteomas forming in a cellular matrix of con- 
nective tissue.’’ Most of the fibromas encountered 
are found in connection with the bones of the 
face, especially the maxilla and mandible, the 
base of the skull, and, in a few instances, the 
femur. The tumors probably have their origin 
from the periosteum. The desmoid type of 





Fig. 8. Photographs showing extension and flexion. 
Note restored length of the finger. 





Fig. 9. Roentgenographic appearance 27 months after 
operation showing transformation of graft into a true 
metacarpal bone. Note restoration of head, neck, cortex, 
and medulla. 


fibroma found in long bones may follow trauma 
(2). Our case may be considered a sclerosing 
type of giant-cell tumor. But against the diag- 
nosis of a giant-cell tumor is the lack of cellularity 
of the stroma and the absence of hemorrhage and 
young blood vessels. On the other hand Geschick- 
ter (3) believes that giant-cell tumors of the small 
bones may show an unusual amount of reactive 
fibrosis and osteoid material. However, our ex- 
perience in a careful study of all benign giant-cell 
tumors encountered in our laboratory has been 
different in that we have never observed such a 
diffuse and dense fibrosis as in the case here re- 
ported. It was the opinion of the late Dr. R. H. 
Jaffé that the lesion was that of a benign fibroma 
and not a sclerosing giant-cell tumor. 





Fig. 10. Photographs 27 months after operation showing 
restored length of right middle finger, full extension, an‘ 
very moderate limitation of flexion. 
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The roentgenogram of the tumor suggests a 
consideration of the differential diagnosis between 
enchondroma, myxochondrosarcoma, sarcoma- 
tous degeneration of a giant-cell tumor, in addi- 
tion to benign giant-cell tumor and fibroma. 

Heretofore lesions of this type were treated by 
a total extirpation of the metacarpal and the 
appended finger with a resultant three fingered 
hand. 


SUMMARY AND CONCLUSION 
A very unusual fibroma of the metacarpal bone, 
with resection and reconstruction is here de- 
scribed. 
The case is also of interest because of the 


diagnostic difficulties of the lesion, and the com- 
plete functional results obtained following sur- 
gery. The viability of an autogenous bone graft 
is proved. Its transformation into a metacarpal 
bone, in contour and internal construction, is 
apparent. 

The similarity of benign fibromas and sclerosing 
giant-cell tumors is discussed. 
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A NEW AND SAFER METHOD OF CITRATED 
BLOOD TRANSFUSION 


Professor A. HUSTIN, and A. DUMONT, M.D., Brussels, Belgium 


MERICA has always remained faithful, 
even more so than Europe, to the cit- 
rate method of blood transfusion, ever 
since one of the above authors (2) advo- 

cated this method for the first time 25 years ago. 

This method of blood transfusion has been 
attacked as having 2 major disadvantages: (1) 
the blood used loses an important part of its prop- 
erties; (2) the method is likely to produce more 
frequent and grave reactions than that involving 
pure blood. The work of numerous research scien- 
tists has eliminated the first objection. It has 
been demonstrated that citrate alters neither the 
structure nor the functions of the globules and 
does in no way diminish the immunizing proper- 
ties of the plasma. 

Many statistics have been produced to prove 
that accidents due to blood transfusions occur 
more often (15 to 20 per cent) in the transfusion 
of citrated blood than that of undiluted blood (10 
to 12 per cent). However, our experience, gath- 
ered from the Centre de Transfusion des Hépitaux 
de Bruxelles, has convinced us that the majority 
of these accidents were caused by defective tech- 
nique rather than the method itself. In perfecting 
this technique, we have been able to reduce the 
accidents from 12 to 3 per cent. 

The following will set forth several details on 
the facts observed and will present a description 
of the technique employed. 

During the year 1937, 85 liters of blood were 
transfused into 253 patients. Three different 
methods were successively utilized: (1) the trans- 
fusion of pure blood; (2) citrated blood transfu- 
sion; and (3) the transfusion of citrated blood as 
in the second method, but with a definitely im- 
proved technique. 

The transfusion of undiluted blood was per- 
formed by means of an apparatus based on the 
“milking” principle (the French apparatus of 
Henry and Jouvelet is analogous to that of the 
American, de Bakey)'. 

Eighty-four cases were treated with this meth- 
od, and necessitated 26 liters of blood, or 307 
cubic centimeters per patient. Notwithstanding 
the apparent simplicity of the devices based on 


1Since this paper was written, one of us (Hustin) achieved a transfu- 
sion pump much simpler than that of de Bakey, also based on the milk- 
jng-system. This pump is represented in Figs. 2 and 3. 


the “milking” principle, serious difficulties often 
presented themselves. In 7 cases, the transfusion 
was interrupted (8.4 per cent); in more than 20 
cases, the vein of the donor, or of the receiver, or 
of both had to be punctured several times. In 2 
cases, air bubbles were introduced into the blood 
circulation by not staunching the tube connection 
of the needle of the donor. The reactions which 
occurred as a result of these transfusions num- 
bered 6, or 9.5 per cent, 2 of which were serious. 

The second method, using citrated blood, was 
employed in 76 cases. This blood was collected by 
means of a newly tried contrivance. About 30 
liters of blood were withdrawn and reinjected, or, 
on the average of 385 cubic centimeters per opera- 
tion. The withdrawal of blood was interrupted 
3 times; occasionally, though not repeatedly, the 
vein had to be punctured more than once. Much 
of the blood used had been preserved in a refriger- 
ator for several days before having been re-em- 
ployed. The most careful inspections were made 
for the least trace of blood clots. Actually, a few 
clots were found in 19 of the test tubes or in one- 
quarter of the cases. Reactions occurred in 7 
cases, one of which was serious, or in about 9.2 
per cent. 

We now come to our third and last classifica- 
tion. In these blood transfusions, the same meth- 
od as in the preceding was utilized. However, it 
was definitely improved and perfected. Thirty- 
three liters of blood were drawn from 18 donors. 
on an average of 420 cubic centimeters from each, 
and 31 of these liters were re-injected into 93 
patients, averaging 330 cubic centimeters for each 
receiver. Of the original 33 liters of blood col- 
lected, 6 were used as therapeutic measures on 
hypertensive patients. 

Twice the withdrawal of blood failed. Only 
once were blood clots observed in the preserved 
blood; and that blood came from a polycythemic 
individual whose blood was particularly coagu- 
lable. The accidents which arose in using this 
method, amounted to 4: twice to the same patient 
because of agranulocytosis, which occurred at the 
sixth and eighth transfusions, once to a patient 
suffering from hemothorax, and once in a serious 
case of hemarthrosis of the knee. Thus, reactions 
occurred in 5.4 per cent of the cases in which this 
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method was used and were of the mildest variety. 
If, to the transfusions during 1937, in which this 
method was utilized, are added those made in 
January 1938, the percentage of reactions does 
not exceed 3 per cent. : 

The comparison between the cases of the second 
and third classifications, seems to show that the 
more the chances of coagulation during the col- 
lection of the blood are reduced, the more the 
gravity of transfusional accidents will be dimin- 
ished. This leads us to the conclusion that many 
of these reactions are due to the formation of 
blood clots in the blood withdrawn. 

Clots do not cause transfusional reactions by 
acting as emboli, as in our experience they were 
always eliminated by a careful filtration of the 
blood containing them. However, they are dan- 
gerous because of toxic substances released from 
their mass. From certain experiments made on 
animals, it was shown that the addition of fibrin 
extracts to the reinjected blood often results in 
grave symptoms. This opinion is corroborated 
by the observations of Petroff and of Kasumov. 
They bring out the fact that the injection of pre- 
served and filtrated blood, having once contained 
blood clots, causes vomiting, fever, leucocytosis, 
etc. 

It is also probable that a number of the reac- 
tions observed after the use of pure blood are due 
to the presence of blood clots formed in the needle 
after injection into the vein of the donor. This 
opinion has been acquired in the course of numer- 
ous collections of blood made with the aid of our 
own apparatus. 

The latter has been constructed so that it is 
possible to note continually the least change in 
the flow of blood from the needle. Very often, 
even under the most favorable conditions, this 
flow diminishes considerably when about 200 
cubic centimeters of blood have been withdrawn. 

It has been found that this slackening does not 
occur if the needle is frequently washed with a 
citrate solution; thus, the only explanation seems 
to be that blood clots form on the sides of the 
needle. 

Having been convinced of the toxic réle played 
by the clots, or, rather by the factors causing 
their formation, the next step was to try to reduce 
the frequency of coagulation. This was brought 
about with some success by the citration of the 
blood from the very moment it left the needle, 
and also, of course, a careful washing of the 
needle at frequent intervals. 

However, another important factor undoubt- 
edly had much to do with the improvement in our 
results. This was the care taken to avoid injuring 


the globules in the process of introducing the 
citrate into the collected blood. With the tech- 
nique in general use, the blood and the anticoagu- 
lant mixture are mixed together rather forcefully 
by means of a glass stirring rod. In the course of 
this action, the globules of the blood, especially 
the platelets, are greatly damaged and react to 
such violence by secreting toxic substances. 

Freund has shown that a suspension of plate- 
lets in a citrated solution can be injected into cats 
without producing a reaction. But if the same 
suspension is previously shaken by means of sev- 
eral beads, violent vasomotor reactions are caused. 
Undoubtedly it is the same substance derived 
from the platelets which make the blood toxic, as 
it is well known that the globules play but a 
primary réle in the coagulation of the blood. 

In every transfusion, there is the danger of acci- 
dents proceeding from 2 different sources. The 
first of these may be the incompatibility of the 
blood drawn. In such cases reactions occur im- 
mediately during the re-injection into the receiver 
and cause cyanosis, palpitation of the heart, heat 
flushes, pain in the lumbar region, etc. The other 
types of accident are those caused by the libera- 
tion of toxic substances by the platelets and the 
blood clots. The reactions from this type come 
some time after the transfusion and occur in the 
form of chill, fever, urticaria, edema, and ery- 
thema. 

PROCEDURE 

The following is the authors’ procedure, which 
they have followed for almost 6 months, and 
which has given excellent results: 

The apparatus, illustrated in the diagram, con- 
sists of the following: A 500 cubic centimeter 
graduated glass container, provided with a rubber 
stopper, pierced in 3 places for the insertion of 3 
glass tubes labeled a, 6, and m. The tubule which 
is connected to the wider tube a, or the canaliza- 
tion of entry, is inserted in the bottle so that it 
barely extends further than the neck. Exteriorly, 
it is bent at a right angle, close to the stopper. 
The tubule of tube 6, has the same diameter as 
that of a, but in contrast to that of a reaches 
almost to the bottom of the bottle. This will be 
designated by the term canalization of outlet. 
Thus, the internal orifice of the tubule of a, is 
inserted in such a manner that the blood passes 
directly from the tubule to the bottom of the 
container without the slightest dribbling against 
the vertical stem of the tubule of 0, or against 
the walls of the bottle itself. 

The third canalization m, is of smaller diameter 
than the 2 others. The purpose of this canaliza- 
tion is to allow air out of the glass container when 
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Fig. 1. Diagram of the apparatus, illustrating the prin- 
ciple of the method: citration of the blood in the needle. 


blood comes in the bottle. It is extended exteri- 
orly by fine rubber tubing. To the rubber tubing 
is joined a glass tube which is plunged into a test 
tube half full of sterile water, d. A piece of 
adhesive tape keeps it braced to the bottle. The 
size of the end of this tube is such that when 
1 cubic centimeter of blood enters the glass con- 
tainer, a bubble is drawn out by the tube. Thus, 
the intake of the container can be controlled in- 
stantaneously by the outflow of air bubbles into 
the test tube. 

Tubes a and 0 are both extended, outside of the 
bottle, by small rubber joining devices, or unions, 
whose other extremities are connected to very 
narrow glass tubes. On these rubber devices are 
placed Mohr‘clips, labeled i and j. 

In addition the apparatus has two rubber tubes, 
50 centimeters in length and with resistant walls 
joined one to the inflowing tube, 5, and the other 
to the outflowing tube, E; the transfusion appara- 
tus of Henry and Jouvelet, or that of de Bakey; 
and a needle having 2 projections ending in open- 
ings. The needle has bevelled edges, and the 
diameter of the interior is eight-tenths millimet- 
ers. The needle has 2 openings; the one in direct 
continuation, has the same interior diameter as 






the rubber tube; the other placed laterally has a 
smaller caliber (Record). The point of the needk 
may be closed by a hermetic cover. 

Sterilization. Fifty cubic centimeters of 5 pe: 
cent sodium citrate is poured into the glass con 
tainer which is carefully closed with the stopper 
The incoming and outgoing tubules are attached 
by joining devices described to the rubber tubes. 
Their ends are protected by wads of gauze. The 
whole apparatus is covered with a cloth and is 
sterilized in the autoclave. 

Preparation. The glass container and its acces- 
sories are taken out of the protecting cloth. The 
aspirating tube, E, is placed in the Henry and 
Jouvelet apparatus and the two ends of the rubber 
tubes are attached to the projections from the 
needle. Because of the difference in sizes of the 
two projections, one can be sure that the ingoing 
tube will be joined to the main projection, and 
the outgoing tube to the smaller one. Several 
cubic centimeters of sterile water are poured into 
the test tube, d, attached to the glass container. 
The needle has been carefully recovered with its 
hood, so that by operating the Henry and Jouve- 
let apparatus, all the tubes are filled with the 
citrate solution. The liquid can be seen rising into 
the outgoing tube but soon falls back again from 
the incoming tube. During this action, no air 
bubbles rise to the level of the lateral tube m. 

The equipment for the donor is completed by 
the use of the Pachon pneumatic wristband as a 
tourniquet. This is kept inflated, under minimum 
pressure, during the entire operation. Thus, con- 
ditions are created which produce the largest pos- 
sible outflow of blood from the donor. 

Collection of the blood. The needle is taken from 
its protective hood. The handle is given a half 
turn in a direction opposite to its normal direc- 
tion. The citrated liquid flows out of the needle, 
and, in so doing, leaves it filled with the anti- 
coagulant liquid. 

Next, the rubber tube D running from the 
lateral projection of the needle, is disconnected 
and the vein is punctured. Blood rises to the 
lateral projection. The connection between the 
rubber tube and the lateral projection is re-estab- 
lished. The handle is turned and bloody liquid 
can be seen falling to the bottom of the glass con- 
tainer from the inflowing tube a, and then rising 
again into the outflowing tubule of b. At the same 
time, large bubbles of air leave the test tube. 
Thus, we can be sure of the progressive filling of 
the glass container. The latter is shaken gently, 
from time to time, to insure the thorough mixing 
together of the blood and the citrated fluid. At 
regular intervals, the outflowing tube D is cut off. 











ust 
siz 
the 
siz 
bee 
pre 
me 
be 

cal 
val 
ing 
pu 


the 


not 
bot 





VT Ee svelte 











HUSTIN, DUMONT: SAFER CITRATED BLOOD TRANSFUSION 943 





Fig. 2. Collecting the blood. 


The handle of the pump is turned two or three 
times in the direction opposite to normal. A 
small amount of citrated blood is thus driven 
back into the vein of the donor while at the same 
time, the passage in the needle is washed. As 
this goes on, the receiving tubule a, empties itself 
of the bloody mixture it contains. After the needle 
is washed, the connection with tube D is resumed 
and the process of suction continues. 

What happens during these processes? 

It can easily be seen that the Henry and Jouve- 
let apparatus produces a suction of venous blood 
at the level of the needle, and a suction of citrated 
solution through the lateral projection. The mix- 
ture of these two liquids very near the point of the 
needle, imparts a quality of stability to the blood 
which has just been drawn from the vein. Thus, 
at the very beginning of the process the venous 
blood is diluted with the pure citrate solution. 
Afterward, however, strongly citrated blood from 
the glass container is substituted. 

The proportions of blood and citrate solution 
used depend upon several factors, particularly the 
size of the needle and its lateral projection, and 
the blood pressure of the vein. In practice, the 
size of the needle and of its lateral projection has 
been calculated in such a manner that for a venous 
pressure of from 8 to ro cubic centimeters of 
mercury, blood and the anticoagulant liquid must 
be used in the proportions 2 to1. This proportion 
can be varied during the process of collection, by 
varying the degree of constriction of the outflow- 
ing tube. If the tube is completely closed off, only 
pure blood is secured, but if it is contracted less, 
the quantity of pure blood collected, diminishes. 
The proportion of the two constituents can be 
noted from the number of air bubbles leaving the 
bottle by the reagent tube. Thus, when pure 
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Fig. 3. Reinjection of the blood to recipient. 


blood is collected, a bubble of air can be seen 
forming at each turn of the pump’s handle. How- 
ever, should the mixture contain two parts blood 
to one part of the citrated liquid, the handle must 
be turned three times in order to produce two air 
bubbles. In this way the operator is constantly 
kept informed as to the functioning of the appara- 
tus and also as to the permeability of the needle. 
Any obstruction in the latter, even partial, imme- 
diately brings about a diminution in the number 
of air bubbles in proportion to the turns of the 
handle. 

The technique described permits the easy col- 
lection of a huge quantity of blood by only one 
puncture of the vein. The collection can also be 
accelerated, if desired, by completely shutting off 
the outgoing tube. In this case, pure blood alone, 
is temporarily collected. 

The procedure is as follows: during thirty turns 
of the handle, the outflowing tube is closed by the 
fingers. It is then opened again for ten turns of 
the handle. After that, the needle is washed by 
making three turns in the opposite direction, tak- 
ing care that the outgoing tube is again closed off. 
Thanks to this little device, a half liter of blood 
can be collected from most of the donors within 
10 minutes. 

Finishing the collection. When the desired quan- 
tity of blood has been obtained, the needle is 
withdrawn from the vein and is covered with its 
stophood. Then, several more turns of the handle, 
in the natural direction are made in order to fill 
the tubes with citrated blood and to mix the fluid 
in the glass container. 

The removal of about 40 cubic centimeters of 
blood which remains in the tubes is accomplished 
by simply turning the Henry and Jouvelet appa- 
ratus backward until several bubbles of air form 





944 SURGERY, GYNECOLOGY AND OBSTETRICS 


on top of the contents in the bottle. This shows 
that all the tubes have been completely emptied. 

Mohr clips are placed on the small rubber join- 
ing devices on the outgoing and ingoing tubes and 
on the rubber tube used for the evacuation of the 
air. Then, all three tubes are detached from the 
glass container. The latter is stirred gently to 
insure the homogeneity of its contents, and then, 
placed in the refrigerator. 

Reinjection. After having carefully stirred the 
blood again to insure its homogeneity, the bottle 
is placed, neck downward in a tripod supporting 
apparatus. The rubber connection at the end of 
the receiving tube, is removed and replaced by a 
rubber pipe which passes into a Henry and Jouve- 
let apparatus. 

The Mohr clip is removed from the outflowing 
tube. The canalizations are filled with blood by 
one or two turns of the handle. The receiver’s 
vein is entered and the projection of the needle is 
joined to the small outlet at the end of the rubber 
tube. By manipulating the handle of the pump, 
the speed with which the blood enters, can be 
regulated to that desired. Only a part of the con- 
tents of the bottle may be injected. If care has 
been taken to filter the air entering the bottle by 
means of cotton wadding, the remainder of the 
contents may be used for another patient. Before 
reinjection, one must make sure that the receiving 
tube is level with the stopper. Thus, the last drop 
of blood of the container can be used. 

The apparatus of Henry and Jouvelet may be 
replaced by a blast of thermocautery that can be 
attached to the end of the outflowing tubing. 


THE ADVANTAGES OF THE APPARATUS 


The apparatus described seems to the authors 
to have all the desired qualities combined with a 
maximum of simplicity. 

The bottle, having a capacity of 500 cubic cen- 
timeters, sufficient for the withdrawal of a maxi- 
mum amount of blood, is used for all the steps 
in the process, the collection, preservation, and 
reinjection of the blood. The sodium citrate is 
introduced before the bottle is sterilized. The 
bottle is sterilized and is provided with the tubing 
when it is ready for use. When the blood has been 
collected, the only preparation necessary before 
transfer to the refrigerator is the closing of three 
clips. Thus, the liquid is kept constantly in a 
rigorously sterile environment, so that all chances 
of contamination are eliminated. 

The collection of the blood is made in a circuit 
entirely citrated so that coagulation is eliminated. 
The blood drawn from the vein and the citrate 
are mixed in a projection from the needle itself. 


The supply of citrated fluid can be regulated t 
the quantity desired. 

At a moment’s notice, the needle itself can bx 
cleansed with a minimum amount of preparatio1 
by means of the anticoagulant liquid. The us: 
of the Pachon pneumatic wristband, slightly in 
flated, puts the donor in the best possible condi 
tions for the withdrawal of blood. Finally, the 
device for the evacuation of air, adapted to the 
glass container, shows how rapidly the blood is 
being collected and permits the operator to watch 
the progress of the operation and to modify it 
when necessary. The apparatus of Henry and 
Jouvelet or of de Bakey, provides a simple and 
adjustable method of motorizing the circuit. The 
quantity of citrate liquid and the quantity of 
blood to be withdrawn can be easily proportioned. 
By a few turns of the handle, the excess citrated 
fluid can be evacuated beforehand. 

All these conditions make possible the facile 
collection of a large quantity of blood (450 cubic 
centimeters), without coagulation and within an 
extremely short space of time. 

The technique of reinjection is greatly facili- 
tated by the use of the tripod support. By over- 
turning the bottle, the contents can be used even 
to the last drop. By inserting a filter to cleanse the 
air, only part of the blood contained in the bottle 
need be used at one time. Therefore, the contents 
of the bottle can be used in a series of transfusions 
in large or small amounts as needed. 

At the transfusion center of Brugmann Hospi- 
tal, the authors have succeeded in making, by 
this method, more than 150 collections of blood. 
At each collection, blood to the amount of 450 
cubic centimeters has been withdrawn, so that a 
much larger number of reinjections than with- 
drawals have been made. The authors have found 
the device fully satisfactory. 

Thanks to the system of co-operation between 
the different departments of the hospital, all 
phlebotomies for therapeutic purposes, are done 
in the transfusion center. Here, by means of the 
technique described, the operation is accomplished 
swiftly, cleanly, and with the least disturbing 
effect on the patient. The quantity oi blood with- 
drawn corresponds exactly to the requirements of 
the attending physician. The blood so obtained is 
preserved in a refrigerator. The blood group to 
which the accidental donor belongs is immediately 
determined. The qualities of the blood are ana- 
lyzed and a Wassermann test is performed. If the 
analyses show that the blood is satisfactory, it is 
used for reinjection. It has been possible in more 
than one-fourth of the transfusions performed, to 
use blood so obtained instead of blood from pro- 
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fessional donors. This has resulted in quite a sav- 
ing for the center. 

Our method has made possible a saving of 
almost 25 per cent in the use of professional do- 
nors. Each time 450 cubic centimeters of blood 
has been withdrawn from them. It has been 
observed that this rather large drain has been 
withstood very well, in fact, patients recovered 
practically as they would have done from a much 
less severe loss of blood in a direct transfusion. 

A bottle containing 500 cubic centimeters of 
citrated blood will supply the amount necessary 


for several cases. An amount as small as 50 cubic 
centimeters can be withdrawn from the bottle 
provided the precaution is taken to filter the air 
that enters the bottle; the residue in the bottle 
will then remain aseptic. 
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THE EFFECT OF LIPIODOL IN THE SUBARACHNOID SPACE 


HOWARD A. BROWN, M.D., F.A.C.S., and JESSE L. CARR, M.D., 


San Francisco, California 


URING the past few years there has 
been a great increase in the use of 
lipiodol in the spinal canal, chiefly as 
a result of the increasing attention 

directed toward the syndrome arising from dislo- 
cations of the intervertebral discs and enlarge- 
ment of the ligamentum flavum. In most in- 
stances, a final diagnosis in these conditions re- 
quires careful fluoroscopic study following the in- 
jection of lipiodol into the lumbar subarachnoid 
space. 

Recently we had an opportunity to make a care- 
ful study of the contents of the spinal canal in a 
patient who had had lipiodol injected 6 months 
previously. Little recent comment has been made 
on the effects of lipiodol in the spinal canal and 
there is a surprising scarcity of pathological 
studies on human nerve structures subsequent to 
the use of this substance. In fact, following the 
admonitions of Craig in 1929 and the experimental 
studies of Davis, Haven, and Stone in 1930, we 
found little in the English literature until the 
report by Globus in 1937. It seems to us worth- 
while, therefore, to review briefly the literature 
on this subject. 

Sicard and Forestier began the use of lipiodol 
as a diagnostic aid in 1922. Since that time, they 
have used it for a variety of purposes, including 
its injection into the subarachnoid spaces. It has 
remained their conviction that the oil is in no way 
harmful to the nerve elements in the spinal canal. 


From the Departments of Surgery and Pathology, University 
of California Medical School. 


In 1924, Ayer and Mixter reported experimen- 
tal results on the effects of iodized oil in the spinal 
subarachnoid system in cats. Their animals 
showed an increase in the cell count of the spinal 
fluid and 1 death resulted in the 6 animals studied. 
Sicard and Forestier, at a later time, commented 
on the fact that the amount of lipiodol used by 
Ayer and Mixter was excessive for the size of the 
animals and was in no way comparable to the 
amount used in human beings. 

Klose and Peiper, in 1925, reported that 
clinically they had seen transient headaches and 
root pains but, after 2 years’ observation, had 
encountered no other ill effects. They also made 
some experimental observations on rabbits and 
reported pathological changes in the ganglion 
cells in which the Nissl bodies were clubbed and 
pale. The contents of the cells stained poorly and 
the sharp outline was lost. There were also 
changes around the central canal, characterized 
by necrosis of the tissue and a wall of leucocytes 
next to this necrotic layer. 

In the same year, Krause reported a case of 
tumor of the spinal cord in which increased pain 
followed the injection of lipiodol. At operation 
he described a marked redness and injection of 
the nerve roots which he had not previously en- 
countered and which he attributed to the oil. 
He commented further on a case of Egas Moni, 
in which increased cell count, more pain, and a 
temporary increase in paraplegia occurred after 
injection. The primary pathological process was 
not mentioned. 
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In this country, Maclaire, in 1925, described a 
case in which both cisternal and lumbar injec- 
tions of lipiodol had been made in a patient with 
injury to the cord from kyphosis. His operative 
report mentioned thickening of the dura and the 
arachnoid which were left open after operation. 
Re-operation, because of increased symptoms, re- 
vealed dense leptomeningeal and meningomyelitic 
adhesions, and two arachnoidal cysts containing 
lipiodol. The patient became progressively worse. 
Maclaire attributed the bad results to lipiodol 
and advised against its use, apparently over- 
looking the original pathological process as well 
as the natural sequence of changes following 
laminectomy without closure of the dura. This 
report drew further comment from Sicard and 
Forestier in defense of lipiodol, as well as in 
criticism of Maclaire’s failure to analyze properly 
the various factors concerned. 

In 1926, Wartenberg reported a case in which 
respiratory difficulty and unconsciousness fol- 
lowed the injection of lipiodol by both cistern and 
lumbar routes. The symptoms cleared when the 
head was elevated. Later, metastatic carcinoma 
of the spine was found at autopsy. 

In the same year, Sharpe and Peterson re- 
ported 3 cases in which the symptoms increased 
following the use of lipiodol. These were not en- 
tirely convincing, for 2 of the patients apparently 
suffered from a progressive disorder of the nervous 
system in which an increase in symptoms was 
to be expected, and 1 patient had a painful ampu- 
tation stump, and later developed pain in the 
opposite leg. 

Ebaugh and Mella, also in 1926, reported on 13 
patients with a variety of disorders of the nervous 
system, in whom 2 cubic centimeters of lipiodol 
had been injected in the basal cistern. Aside from 
transient pain in the leg in 4, a slight rise in 
temperature in 3, and nausea and headache in 1, 
they observed no ill effects. 

Lindblom, in 1926 (14), injected lipiodol in 
rabbits and produced a clinical picture resembling 
meningitis, which cleared in 2 weeks. Histo- 
logical studies showed a sterile leptomeningitis 
characterized by leucocytes and lymphocytes in 
abundance in the meninges wherever iodized oil 
was located. After from 2 to 3 weeks, only single 
leucocytes and lymphocytes and plasma cells 
were present. After 2 months, no changes could 
be seen in spite of the fact that iodized oil could 
still be demonstrated in large quantities in the 
meninges. 

Bergerhoff, in 1927, reported a case in which 
there was encapsulation of the iodized oil by 
many adhesions of connective tissue, appearing 


as if a compression myelitis were present at the 
site. 

Nonne, in the following year reported his ex- 
periences in a great number of myelographies done 
with iodized oil. He recorded a rather frequent 
increase in symptoms with regard to pain, an 
motor, sensory, and sphincter disturbances, 
though again, the injection was done frequently 
in patients with progressive disease of the nervous 
system. He reported 1 case of chronic meningitic 
compression of the spinal cord. Lipiodol was 
subsequently injected and, at postmortem 4 
weeks later, was found to have penetrated into 
the spinal cord. Microscopic study revealed 
active glial proliferation around the centrally 
located lipiodol. 

Schoenbauer, 1929, reported the case of a pa- 
tient who had pachymeningitis hemorrhagica 
interna. The ascending type of lipiodol was in- 
jected and this patient subsequently died of 
meningitis. 

Globus and Strauss, also in 1929, reported 25 
cases in which lipiodol had remained in the spinal 
canal for over 2 years. They stated that repeated 
neurological examinations were negative, and 
that the lipiodol remained free and without ad- 
hesions. Only 1 patient, who had a tumor of 
the spinal cord, showed transient symptoms of in- 
creased pain. These authors concluded that the 
oil was entirely without ill effects and could be 
used safely. 

In the same year, Elsberg stated that, in his 
experience, the oil acted as a distinct irritant to 
the meninges. At operation, he observed nerve 
roots which were congested and inflamed, and 
there were similar changes in the pia. In his 
opinion, however, permanent effects occurred 
only occasionally. 

Further warning came from Craig, in 19209, 
against the indiscriminate use of lipiodol, in view 
of the temporary irritative effect which it pro- 
duced in experimental animals. He advised par- 
ticularly against its use in inflammatory condi- 
tions. The thought comes to mind that, in 1 case 
in which the condition was considered to be in- 
flammatory, and pain was increased after the 
injection of lipiodol, a diagnosis of dislocated 
intervertebral disc might be made today. 

Davis, Haven, and Stone carried on further 
experimental work on ro dogs. An artificial block 
was produced in the spinal canal by laminectomy 
and insertion of a rubber dam. Later, 1.5 cubic 
centimeters of lipiodol was introduced in the basa! 
cistern. Another group of dogs served as con- 
trols. The animals were killed in from 3 to 252 
days. Eight showed clinical evidence of irritative 
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reaction with malaise, sluggishness, and loss of 
appetite. These symptoms disappeared in from 
24 to 48 hours in all but 1, and that animal died 
in 3 days. One other animal developed spasticity 
of 1 hind leg a week after injection, which lasted 
6 months. Pathological studies showed a lepto- 
meningitis with accumulations of large mono- 
nuclear and plasma cells. No organisms were 
found. Fat substances and inert matter were 
seen as inclusions in the macrophages. Van 
Gieson’s stain showed enlarged vessels and thick- 
ening of their walls in the anterior aspect of the 
cord. Encysted fat was found in the leptomen- 
inges. The ganglion cells in the anterior horns, 
especially in the cervicodorsal area, were de- 
creased to about one-half of normal. The rest 
of the cells in that region were shrunken and ir- 
regular. The cell processes stained indistinctly 
or not at all, the nuclei were dimly stained and, 
in many, cells were eccentric and occasionally 
absent. The cytoplasm of the shrunken cells was 
either excessively stained or not at all. The 
vascularity of the anterior horns was increased 
with many new capillaries, and vessels of the 
anterior half were often thrombosed. The pos- 
terior horns showed no change. Davis, Haven, 
and Stone concluded that the use of lipiodol was 
attended by some danger of damage to the nerv- 
ous system. 

In 1931, Lindblom (15) conducted further ex- 
perimental studies with rabbits and concluded 
that there was considerable variation in the sus- 
ceptibility of individual animals of the same type 
to iodized oil. His experiments further led him to 
the conclusion that irritation of the nerve struc- 
tures was directly proportionate to the amount 
of free fatty acid in the oil used. The same type of 
oil, with varying degrees of acidity, produced 
varying degrees of irritation, increasing as the 
free acid content was raised. He reported changes 
over the cortex in rabbits 6 months after injection 
showing some pachymeningitis with encysted oil 
in the leptomeninges. He advised careful use of 
the oil. 

Bruskin and Propper, in 1931, reported changes 
occurring from 2 to 3 months after the injection 
of lipiodol in dogs. Pathological studies showed a 
proliferative reaction in the meninges of the 
cerebrum and cord where the preparation had 
come to rest. There were some small extravasa- 
tions of blood, especially in the gray matter of 
the spinal cord, and degeneration of cells was 
noted in the spinal roots. These authors con- 
cluded that lipiodol caused changes in the spinal 
cord both by its chemical action and by behaving 
as a foreign body. 
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Fumarola and Enderle, 1932, reported 26 cases 
of myelography with lipiodol. In 6 cases there 
was some febrile and meningeal reaction with 
increased pain, and motor and sensory disturb- 
ance. They reported 1 death after myelography 
and believed that the lipiodol produced a me- 
chanical and chemical irritation. They also 
stressed the importance of the relation between 
acidity and the irritative effect. 

In spite of these various experimental and 
clinical reports, however, Sicard and Forestier, 
in 1932, completely exonerated lipiodol of any 
harmful effects in the human subarachnoid sys- 
tem. 

Donat, in 1937, reported the case of a patient 
with metastatic sarcoma involving the brain. 
Lipiodol had previously been injected in the 
spinal canal with an increase in the amount of 
pain. The patient died 1 month later and exami- 
nation of the spinal cord revealed chronic in- 
flammatory changes in the leptomeninges with 
some blood in the pia arachnoid. Peripherally, 
the spinal cord showed areas of degeneration. The 
axis cylinders stained poorly and showed a granu- 
lar dissolution with general detachment at the 
periphery of the white substance. Donat believed 
that the changes were caused by the lipiodol, 
except the bleeding which he considered secondary 
to the meningitis. 

In contrast, Globus reported, in 1937, 138 
cases in which lipiodol had been used. Only 2 
patients had a relatively severe immediate re- 
action, but rapidly recovered. A few had transient 
headaches and slightly increased pain tempora- 
rily. The condition of 65 patients was checked 
after several years—r1o years in 1 instance. 
Only 1 patient had any complaint that might be 
referred to lipiodol, namely, increased pain in 
the back. Roentgenographic examinations were 
made of 34 of these patients. There was no ap- 
preciable reduction in the amount of the lipiodol 
and it moved freely. Three patients who sub- 
sequently died were examined at autopsy. Globus 
reported that no evidence of leptomeningitis was 
found, though no further pathological details 
were given. He concluded that lipiodol is en- 
tirely safe as a diagnostic aid in man. 

One would conclude from the various reports 
that, in animals, there is evidence to indicate 
that lipiodol may produce not only irritative 
changes, but permanent alteration in the lepto- 
meninges, spinal cord, and nerve roots. Clinically, 
many of these animals seemed entirely normal 
in spite of the pathological findings described. 
Sicard and Forestier pointed out that, in the 
majority of animal experiments, the amount of 
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Fig. 1. 





Fig. 2. Fig. 3. 


Fig. 1. Normal lipiodol shadow in the lower thoracic region, showing the unity of 


the globule of oil. 


Fig. 2. Normal lipiodol shadow in the lumbar region, showing the unity of the 


globule of oil. 


_ Fig. 3. Roentgenogram of the spine, 6 months after the injection of lipiodol, show- 
ing the diffusion and encystment of the globules of oil throughout the lumbar subarach- 


noid space. 


lipiodol used is much greater, in proportion, than 
that used in human beings. In addition, there is 
a difference between animals and man in their 
susceptibility to the oil, another factor which 
renders comparison difficult. 

The observations made on human beings are 
difficult to evaluate. Many of the studies have 
been made on patients with progressive disease 
of the nervous system, and it is impossible to 
place on lipiodol the responsibility of subse- 
quently increasing symptoms. The reports of 
irritative phenomena seen at operation are un- 
questionable, but it is difficult to tell whether 
these phenomena are only temporary or whether 
they produce permanent changes in the nervous 
system. Again it is hardly fair to attribute all 
the pathological processes found at operation 
to the presence of lipiodol, and disregard the 
cause for which the operation is being done, 
particularly if a second-stage operation is per- 
formed. 

Pathological studies on human beings after 
the use of lipiodol are few. Donat recorded 


marked changes in the cord of a patient dying 
from sarcoma, but did not indicate the part 
played by the wasting disease, either directly 
or in regard to the patient’s susceptibility to the 
oil. Globus, reporting three autopsy studies in 


which there was no evidence of leptomeningitis, 
gave no description of pathological changes. 

Such a review leaves one in much doubt as to 
the facts with regard to the effect of lipiodol in 
the spinal subarachnoid system in man. 


CASE REPORT 


The following case report is made, not with 
the idea that it will solve our problem, but merely 
to offer additional information on a subject which 
in recent years has been rather neglected. 


H. D., a man 38 years of age, fell from a haystack on 
February 13, 1937, and fractured the tenth and twelfth 
thoracic vertebra. A plaster cast was applied. There was 
temporary numbness in the left leg, which soon cleared. 
Residual periodic pain and paresthesia persisted in the 
left leg. After the removal of the cast, a radiation of pain 
developed around the area of the tenth and eleventh roots 
on the right side. Paravertebral injection of the nerve 
roots with novocain gave temporary relief. On August 15, 
1937, 4 cubic centimeters of lipiodol was injected and 
roentgenograms showed a normal spinal canal in the 
thoracic and lumbar regions. The only complaint following 
the use of lipiodol was a temporary increase in discomfort 
over the sacrum and buttocks, but this disappeared in 2 or 
3 weeks. The symptoms in the left leg gradually subsided 
several months after lipiodol had been injected. Due to 
persistent pain referable to the tenth and eleventh dorsal 
roots, a hemilaminectomy was done some 6 months after 
the injection of lipiodol and some encroachment on the 
intervertebral foramen by a displaced pedicle was found 
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Fig. 4. Drawing showing adhesions about the lower part 
of the cord and the cauda equina. 


with traction on the 2 involved roots. A fusion was done 
following the laminectomy. Nitrous oxide anesthesia, fol- 
lowed by ether, was used. The patient’s breathing was poor 
throughout and his color dusky. The anesthetic was 
stopped at 10:30 a.m., but the patient did not recover con- 
sciousness, and died at 6:30 p.m. the same day. 

The roentgenograms taken immediately following the 
introduction of the oil showed the smooth canal and the 


Fig. 5. Photomicrograph of the adhesions between the 
ord and the dura. 
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Fig. 6. Photomicrograph showing thickened dura, with 
lymphocytic infiltration. 


unity of the globule of oil (Figs. 1 and 2). Those taken on 
the day of his death, however (6 months after the injection 
of lipiodol), showed the oil to be strung out and caught in 
small globules throughout the subarachnoid space (Fig. 3). 

Autopsy report. The findings were essentially normal 
and irrelevant to this paper except for the pathological 
changes in the central nervous system. For this reason the 
general protocol is omitted. 





Fig. 7. Photomicrograph showing adhesions about the 
spinal nerves. 
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On examination of the central nervous system, the brain 
was found to be edematous, weighing 1550 grams. It 
measured 17 by 16 by 12 centimeters and the convolutions 
were somewhat flat from edema. There was no sclerosis at 
the base of the brain and the leptomeninges were normal. 
Sections through the brain showed normal, symmetrical, 
undilated ventricles lined with smooth ependymal mem- 
brane, and there were no gross pathological changes in the 
cerebellum or stem. 

The spinal cord in the upper thoracic portion and in the 
area of recent operation showed considerable congestion 
and edema on the surface. Beginning at the level of the 
first lumbar vertebra and extending down, around and 
over the cauda equina, were numerous very fine, filmy 
adhesions which ran throughout the leptomeninges and 
onto the surface of the spinal cord proper. These fine ad- 
hesions enveloped the cord and extended down along the 
dorsal and ventral nerve roots into and almost through the 
dura (Fig. 4). Only a few fine droplets of oil were seen 
enmeshed in these adhesions which were all old. Grossly 
there was no evidence of old blood pigment, either staining 
the under surface of the dura in the adhesions mentioned 
above, or in the leptomeninges proper, and there was no 
evidence of recent infection. 

Microscopic description. The brain was very edematous. 
The leptomeninges also showed moderate edema. The 
ependymal linings were smooth and normal. There were 
open spaces about the pyramidal cells which showed a 
little early postmortem degeneration. 

Sections of the spinal cord above the level of the twelfth 
thoracic showed a normal dura and a pia arachnoid in 
which the vessels were congested, but in which there was no 
cellular infiltration or evidence of old inflammation or re- 
pair. The structure of the spinal cord was normal and 
there was no visible change in the ganglion cells, either in 
the anterior or the posterior horns, no chromatolysis and 
no definite changes in the axis cylinders or myelin sheaths. 
Sections taken below the level of the twelfth thoracic 
vertebra, however, showed numerous fine, filmy, fibrous 
adhesions running from the surface of the cord throughout 
the leptomeninges and into the dura. The dura was very 
definitely thickened and many lymphocytes were found, 
both in the leptomeninges, in the adhesions, and in the 
inner part of the dura (Figs. 5 and 6). Fibrous adhesions 
ran out along, and invested, the spinal nerves and, in these 
adhesions also, lymphocytes were lightly scattered (Fig. 7). 
After frozen sections, fat stains showed tiny droplets of 
oil in the adhesions described. In these areas, however, 
there was no evidence of old blood pigment or other foreign 
material which would act as a stimulating substance. 

From the findings at autopsy, a diagnosis of chronic 
pachymeningitis of the lower dorsal cord and cauda equina 
was made, and the changes in the meninges of the lower 
cord were ascribed to the irritating action of the lipiodol 
which had been held there for approximately 6 months. 

While such a proliferative reaction in the lower portion 
of the spinal cord could take place subsequent to old bleed- 
ing in this area, it is felt that the absence of old blood pig- 
ment both in the dura and pia arachnoid reasonably ex- 
cludes former bleeding as a cause of the adhesions. On the 
other hand, the presence of droplets of oil in the fine 
fibrous mesh and their localization to a dependent portion 
of the spinal cord indicate that this proliferative reaction 
and chronic inflammatory change occurred subsequent 
to the presence of the lipiodol in this region. As far as can 
be determined microscopically, and in correlation with the 
histo: ’. these adhesions had caused no appreciable symp- 
tom. jut, owing particularly to their position about the 
net oots, any contraction in the ensuing years might 
have resulted in symptoms from compression in these 


areas. Inasmuch as the operations for laminectomy and 
spinal fusion were done on the day of death, they were, in 
a chronological sense, exonerated from any contribution to 
these pathological developments. 


SUMMARY AND CONCLUSIONS 


A considerable diversity of opinion now exists 
as to the effect of lipiodol upon the nervous ele- 
ments of the spinal canal. The bulk of evidence 
indicates that both gross and microscopic patho- 
logical changes may occur in the nervous system 
following injection of iodized oil into the sub- 
arachnoid space. There is no doubting the per- 
manency of the oil in the spinal canal for there is 
very little evidence of absorption after several 
years. It is equally true that the oil frequently 
becomes encysted and adherent in the arachnoid 
and along the nerve roots, as was demonstrated 
in this case. The clinical symptoms which such 
changes may produce are neither definite nor 
specifically characteristic and, in this particular 
case, in spite of the adhesive changes present, no 
persistent subjective complaint or objective 
neurological finding appeared which might have 
been attributed to the oil. Undoubtedly, arach- 
noidal adhesions of considerable degree, such as 
those occurring after laminectomy, may exist 
without clinical symptoms. In one of our recent 
cases, a lumbar laminectomy was done on a pa- 
tient to relieve compression of the nerve by an en- 
larged ligamentum flavum. Re-operation a year 
later, to obliterate a false meningocele, revealed 
marked adherence of the roots of the cauda 
equina to the dura with numerous arachnoidal 
adhesions, but the patient’s only complaint had 
been that of headache upon flexion of the spine 
or local pressure over the operative site. This 
symptom disappeared following obliteration of 
the meningocele. There were no subjective com- 
plaints or objective findings referable to the ad- 
herent nerve roots. 

Nevertheless the use of any substance which 
may produce such changes in the nervous system 
cannot be regarded as entirely harmless and, while 
lipiodol is an extremely valuable diagnostic aid 
in the localization of intraspinal lesions in care- 
fully selected cases, its indiscriminate use should 
not be encouraged. 
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CARCINOMA OF BARTHOLIN’S GLAND 


Report of a Case of Squamous Cell Epithelioma 


E. A. SIMENDINGER, A.B., M.D., Cincinnati, Ohio 


P to the present time there have been 
only 38 cases of primary carcinoma 
of Bartholin’s gland reported, and of 
these adenocarcinoma has been the 

predominant type; only g have been squamous 
cell carcinomas. 

Probably the first case reported was that of 
Kolb (8) in 1864. Sin recorded a case in 1880, 
followed by Geist in 1887; Schweitzer and Mach- 
enrodt in 1893; O. V. Frisch in 1904; and Sitzen- 
frey in 1906, all of whom reported similar cases. 
H. R. Spencer reviewed the literature in 1913 
collecting 15 cases reported to that date, one of 
which was a squamous cell carcinoma. In 1923, 
F. H. Falls collected 20 cases, 12 of which were 
adenocarcinoma, 1 a squamous cell epithelioma, 
and 7 undiagnosed as to type. Since then similar 
cases have been reported by Hunt and Powell in 
1926, Schneider in 1930, J. Rabinovich in 1932, 
Harer, H. Strauss, C. W. Mayo and Barber in 
1933, H. H. M. Lyle in 1934, Grynfeltt and 
Godlewski in 1936, P. E. Hoffman, and O. Mar- 
garucci in 1937. There were only 3 cases of carci- 
noma of Bartholin’s gland found in a review of 
cases at The Mayo Clinic from July, 1923, to 
July, 1933, according to C. W. Mayo and Barber. 

In 1923 F. H. Falls presented, in graph form, 
the cases he had found. Using a similar graph, I 
have added 18 cases reported since that date up 
to March, 1938. 


REVIEW OF THE LITERATURE 


In a review of cases reported it was found that 
the ages of the patients varied between 29 and g1 
years. The average age was 51.6 years in 30 cases 
reported in which the age of the patient was given. 
The majority of cases occurred between the ages 
of 40 and 55 years. 

Infection is apparently not a predisposing fac- 
tor in neoplasms of Bartholin’s gland as in only 2 
cases, those of Sitzenfrey and Falls, was there a 
past history of infection. Chronic infections of 
the gland are quite common and often lead to 
mistakes in diagnosis, as in many cases an early 
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neoplasm was thought to be a chronic infection 
of the gland. 

Heredity is not an important factor according 
to Harer who was able to find only 2 cases in 
which there was a family history of carcinoma. 
In only 1 case was there a definite history of 
trauma to the gland; however, the glands un- 
doubtedly must be the site of frequent trauma. 
Harer reports that the condition is commonly 
found in married women, and may occur in un- 
married women but never in virgins. 

Carcinoma of Bartholin’s gland is usually first 
noticed as a small, hard, painless, nodular swell- 
ing, lying deep in the labial fat. The lesion is 
usually quite movable at first but sooner or later 
enlarges, according to the degree of malignancy, 
and becomes attached to the surrounding tissues. 
The skin is usually not involved until late so that 
when the tumor is first noticed the skin is freely 
movable over it. With enlargement of the tumor, 
pain develops which is commonly referred to the 
coccyx and groin and is made worse by coitus and 
menstruation. Pain is usually the symptom which 
causes the patient to seek medical attention and 
by this time the tumor is usually quite well estab- 
lished. As the skin becomes involved the tumor 
becomes painful to the touch, and the skin red- 
dened and edematous. It is common for parts of 
the growth to become necrotic and semi-fluctuant, 
thus giving one the impression of cyst of the 
gland. This is more common in rapidly growing 
neoplasms. Sooner or later the growth involves 
the skin either of the vulva or vagina and when 
the skin is destroyed the tumor becomes second- 
arily infected, giving rise to a chronic discharging 
sinus. The mass tends to grow deep rather than 
superficial, involving the surrounding fat, muscle 
tissue, and later the pubic bones. 

The most important points in diagnosis are the 
age of incidence, hardness of the tumor with 
tendency toward fixation, pain, and later edema 
of the vulva, failure to respond to treatment, and 
a biopsy. 

According to Falls one must bear in mind in 
differential diagnosis that chronic infections of 
the gland are apt to undergo regressions in size 
and are most frequently bilateral. Carcinomas 
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Previous : 
Author Age | evidence of Operation Type of _ Metastasis to Result 
glandular growth inguinal glands 
infection 
1 Kelly 55 | None Incised and later excised | Adenocarcinoma | * * 
2 Eden 40 | None Radical removal of gland , . : 
and part of pubic ramus | Adenocarcinoma | Enlarged No re-occurrence in 3 yrs 
3 Spencer 43 | None | Excision with inguinal | Adenocarcinoma | Not enlarged No re-occurrence in 22 mos. 
glands | 
4 Lynch 43 None Removal of inguinal and | Squamous | Metastasis to brain Death 2! years later 
vaginal metastases | | and inguinal nodes 
5 Martin (3) 70 | None | Removal with glands | * Inguinal nodes Recovered in 4 yrs. 
} enlarged 
6 Geist 59 | None | Removal of tumor | Adenocarcinoma | None * 
7 Schweizer 58 | Chronic in- | Refused Carcinoma None * 
fection parvicellular 
3 yrs. 
38 Machenrodt 54 | None Removal of tumor * | None No re-occurrence in 4 mos. 
9 Honan (3) 40 Discharging Removal of tumor | * Opposite inguinal No re-occurrence in 2 mos. 
ye sinus I yr. _ gland 
10 Godart i Se —— 2 =. eee al vee aly 
11 Trotta 30 | None Removal of tumor ‘Chancroid ~ | None No re-occurrence in 6 yrs 
carcinoma | a ” 
12 R. Schaffer 73 | None Removal of tumor 7 Adenocarcinoma | Inguinal glands Re-occurred in 2 yrs. 
Me enlarged k : 
13 Burghele _ 50 | None * | Adenocarcinoma | * Re-occurrence in 6 mos. 
14 Sitzenfrey 29 | Bilateral | Removal of tumor with | Adenocarcinoma | None Re-occurrence in 6 mos. 
chronic thermocautery | 
glandular 
infection ee a & — es 
15 Pape oI None Removal of tumor | ‘Adenocarcinoma | None _ = 
16 0. V. Frisch 77. | None Removal of tumor with | Adenocarcinoma | Inguinal nodes > 
local anesthesia enlarged | _ 
17 Falls 39 | Previous Removal with left inguinal} Adenocarcinoma | None No re-occurrence in 
chronic gland | 14 Mos. 
glandular | 
infection - a tai 
18 Casler (3) * * | Adenocarcinoma | * * 
19 Sin (22) _ ce «.. - —s Melanocarcinoma| * —__ os ba 
20 Taussig 43 Two stage Basset proce- Squamous Inguinal glands No re-occurrence in 
dure; 2 wks. later | enlarged 14 mos 
cautery excision ~ ; 
C. V. Hunt 36 | None Excision followed by Adenocarcinoma | Not enlarged No re-occurrence in 2 yrs. 
14,386 mg. hr. radium Pes Sigel 
22 L. D. Powell (3) 71 None | Radical remov val Squamous | * 
3 Rabinovich 71 None | Excision of tumor Adenocarcinoma Not enlarged — ae 
24 Harer 33 None Excision of tumor with Adenocarcinoma Not enlarged No re-occurrence in 3 mos. 
1200 mg. hr. radium —. os : 
25 Strauss 61 None Excision with 1200 mg. hr.| Anaplastic | Not enlarged No re-occurrence in 1 yr. 
(2 cases) of radium plus x-ray carcinoma | 
therapy eee —s ee 
20 48 None Two stage Basset p proce- Squamous | Not enlarged No re-occurrence in 1 yr. 
E » _dure 2weeksexcision | TP SPR A as = 
27 Lyle 30 |* “Endothermic vulvectomy Adenocarcinoma _ Ny No re-occurrence in 2 yrs. 
28 Healy * * 2 3 Cases adeno-— * * 
to (reported by Lyle) carcinoma | 
30 | 
31 C. W. Mayo and ~| 36 «|* Pariial excision — - | Adenocarcinoma | * Re-occurrence after 7 yrs. 
Barber (3 cases) Se eee iE ays } Pe Mean ais 
2 a 1? | Radium therapy | Adenocarcinoma | * No re-occurrence after 
2 yrs. 
3 so |* | Excision and x-ray therapy ‘Squamous | Right inguinal gland | No re-occurrence -aiter 
to o inguinal g glands | involved | 3 mos. 
4 Schneider (3) * * | * Adenocarcinoma _ | * ae = 
5 Grynfeltt and * * | * Squamous * * 
Godlewski Ts - a Ye 
P. E. Hoffman * None |* Squamous s _az uinrtat | 
> O. Margarucci | 63 |* Radical excision of mass | Squamous Inguinal glands | * 
| plus | lymphatic glands _ enlarge — a : : 
| None X-ray therapy followed | Squamous Not enlarged No re-occurrence in 


3 E.A.Simendinger _ | 74 


by complete vulvectomy 





8 mos. 





*Information lacking. 
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Fig. 1. Low power photomicrograph, showing sheets of 
wildly growing epithelial cells in the center of which degen- 
eration is taking place. There is a marked increase in 
fibrous tissue with many collections of lymphoid cells 
scattered through it. X25. 


of the skin of this region are always squamous, 
while those of Bartholin’s gland are predomi- 
nantly adenomatous. Sarcomas are found in 
younger individuals and show a mesoblastic cell 
on biopsy. Benign tumors are slow in growth and 
do not invade or metastasize. Gonorrheal infec- 
tions are diagnosed by an acute course, the his- 
tory, and a positive smear. Carcinomas arising 
from the vulvar skin involve it primarily, while 
those arising from Bartholin’s gland involve the 
skin late. 

There are 2 types of carcinoma of Bartholin’s 
gland possible, the squamous cell epithelioma and 
the adenocarcinoma. This is possible according to 
Rabinovich because the acini of the gland and 
deeper parts of the ducts are lined by 2 distinct 
types of cells, the columnar and the cuboidal, 
while the superficial ducts are lined with squa- 
mous epithelium. Carcinomas of these super- 
ficial ducts are squamous, while those of the 
gland acini are adenomatous. Sitzenfrey believes 
that the transitional and columnar epithelium, 
which lines the deeper portions of the ducts, may, 
by a process of metaplasia, become squamous in 
the presence of chronic infection, thus giving rise 
to squamous cell carcinomas. 

Most authors agree that carcinoma of Bartho- 
lin’s gland, like other vulvar carcinomas, metas- 
tasizes early. Metastasis most frequently occurs 
in the inguinal nodes of the same or of the oppo- 
site side. Lynch reported a case in which cerebral 
metastasis occurred. Involvement of the perios- 
teum of the rami of the pubis occurs early and 
by direct extension. There have been no reported 
cases of bilateral involvement of the glands. 


Fig. 2. High power photomicrograph, showing early 
pearl formation and cell structure found generally through- 
out the tumor. X340. 


Prognosis in carcinoma of Bartholin’s gland is 
unfavorable. The almost uniform failure of early 
diagnosis is the most important factor in the poor 
prognosis. According to Taussig, carcinoma of 
Bartholin’s gland is almost uniformly fatal as 
contrasted with the everting type of vulvar 
carcinomas arising from vulvar _leucoplacia. 
Rabinovich believes that “early the tumor is 
encapsulated and if the neoplasm be excised 
before the stage of encapsulation has passed, 
prognosis will be good.” In 21 cases reported in 
which information is available, there was no 
recurrence in 1 case in 6 years, in 1 case in 4 years, 
in 5 cases in 2 years, and in 4 cases in 1 year; 5 
cases recurred, and 5 cases were recorded too 
early after removal of the growth to make any 
lack of recurrence of value. 

In the minds of most authors the proper 
therapy of carcinoma of Bartholin’s gland is a 
combination of radiation and surgery. Taussig 
advises a Basset’s procedure with removal of the 
inguinal glands followed in 2 weeks by excision 
of the tumor by cautery. Strauss reports that at 
Radiumhemmet, in Stockholm, good results have 
been obtained from electrocoagulation and radio- 
therapy. Kelly advises endothermic vulvectomy 
and electrocoagulation of the glands in situ. 

Lyle states that epitheliomas of Bartholin’s 
gland are as radioresistant as vulvar epitheliomas 
and advises wide excision of the vulva and sec- 
ondary dissection of the inguinal and femoral 
glands followed by regional and local radiation. 
Removal of the inguinal and femoral glands fol- 
lowed closely by endothermic removal of the 
tumor mass with pre-operative and postoperative 
irradiation is perhaps the most suitable form of 
therapy. 
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CASE REPORT 

Case No. 75712. Mrs. D. B., a white woman, aged 74 
years, married, was admitted to the gynecological service 
of the Cincinnati General Hospital on June 11, 1937, with 
a complaint of “‘painful lump between my legs. ” ‘The pa- 
tient had suffered from a cardiac ailment for the past 10 
years, but otherwise she felt well until approximately 
December 25, 1936. At that time she noticed a small, hard, 
painless lump about 1 by 1.5 centimeters in size located 
deep in the posterior portion of the left labium, which was 
quite hard and fixed in position. She could recall no his- 
tory of injury to the part but thought injury was probably 
the cause. 

About the middle of April, 1937, approximately 4 
months after she first noticed the growth, she began to 
have aching pains in the region of the tumor which radi- 
ated to the groin and low back. The mass during the 4 
months had increased to approximately 4 by 4 centimeters 
in size. During the same period there appeared another 
mass the size of a golf ball posterior and lateral to the 
original tumor and closely approximated to it. The second 
mass was soft, fluctuant, and very tender. During the 
course of the ensuing 2 weeks it became quite large and 
about May 1, 1937, ruptured through the overlying skin, 
discharging about 200 cubic centimeters of a colorless, 
odorless, mucinous fluid. A small sinus formed at the point 
of rupture which failed to heal, and mucinous, later puru- 
lent, material constantly drained from it. The sinus, how- 
ever, did not increase in size. 

Approximately 5 months after the onset the patient first 
sought medical attention and was advised that she had an 
infected Bartholin’s gland and that hot fomentations 
should be applied. This therapy was of no avail and by 
June 1, 1937, the mass had increased in size until it was 
about 5 by 6 centimeters in size and was very painful, ren- 
dering the patient bed fast and unable to use her left leg 
without pain. The overlying skin was swollen, red, and 
painful to palpation in the region of the tumor. Up until 
this time the vulvar skin had been quite healthy, non- 
tender, and freely movable over the hard nodular mass. 
On June 11, 1937, she was sent to the Cincinnati General 
Hospital for treatment. From December until June she 
had lost 10 pounds in weight and in the past 3 months had 
noticed gradually increasing, general weakness. 

Past history. The patient had suffered from arterio- 
sclerotic heart disease for the past 10 years but with no 
history of decompensation. Five years ago she was ad- 
mitted to a mental hospital and a vaginal examination at 
that time was negative. There was no past history of lues 
or gonorrhea. The family history was negative aside from 
the fact that her mother died of carcinoma of the breast. 
There was no other history of malignancy in the family. 
Two brothers were living and well. 

Menstrual history. Menses began at the age of 16, were 
regular each 28 days and lasted 4 days. She suffered with 
no menorrhagia or metrorrhagia; menopause occurred at 
the age of 40. There was no discharge except at menstrual 
periods. The patient had two children living and well and 
had had one miscarriage. There was no history of gonor- 
rhea or lues. 

Physical examination. Blood pressure 220/110; pulse, 
70; respiration, 22. The patient was a poorly developed, 
undernourished, senile, white woman. She was mentally 
clear, intelligent, and quite co-operative. On pelvic exam- 
ination the left labium was found to be greatly enlarged 
and bulged over the introitus. No vaginal discharge was 
present. The skin over the left labium was injected, tender 
to the touch, and slightly edematous, but freely movable 
over a more deeply situated, hard, nodular mass. The mass 
was buried in the fatty tissues of this region, painful to 
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pressure, stony hard, fixed, and not well outlined. The 
surrounding tissues were slightly indurated except for a 
small area at the posterior portion of the mass which was 
soft, slightly fluctuant, and tender to palpation. There was 
a small draining sinus on the posterior inner portion of the 
left labium from which small amounts of purulent material 
drained, especially when pressure was exerted on the above 
described fluctuant area. The vaginal mucosa was normal 
and the vulvar skin showed no evidence of kraurosis, being 
healthy aside from the above described sinus and mild in- 
flammatory changes. The cervix was small, of normal 
color and consistency, and showed no areas of erosion. The 
uterus was small, in normal position, and not tender. The 
adnexa were not palpable. Rectal mucosa was normal 
and movable; sphincter tone, good, with no bleeding. On 
deep palpation rectally a mass could be felt on the left 
anteriorly. It was quite hard, nodular, and very painful 
but did not involve the rectal wall. The inguinal nodes 
were enlarged bilaterally, quite tender and freely movable, 
but were soft rather than shotty to palpation. 

Laboratory findings. Wassermann and Kahn tests were 
negative; hemoglobin, 75 per cent (Haden Hausser); white 
blood count, 11,600; urine, negative. 

Course in the hospital. A tentative diagnosis of malig- 
nancy with superimposed acute and chronic infection was 
made on admission. A biopsy was taken on June 16, 1937, 
and a diagnosis of squamous cell carcinoma of the vulva 
was made. From June 18 to June 26, 1937, she was given 
x-ray therapy to the tumor for the superimposed infection. 
This was given through anterior pubic, posterior sacral, 
and direct perineal fields. There were no burns and the 
skin was in good condition following this treatment. A 
total of 900 roentgen units was given, 200 through the 
anterior pubic, 100 through the posterior sacral, and 600 
directly to the tumor. Treatment factors were 200 kilo- 
volts, 15 milliamperes, 1 copper and 1 aluminum filter with 
a 50 centimeter skin test dose. 

On July 3, 1937, under gas-oxygen-ether anesthesia a 
complete vulvectomy was done by Dr. Ralph Eddy. At 
operation there was a large indurated nodular mass deep 
in the left labium. It was approximately 6 by 8 centimeters 
in size. In the skin overlying the tumor there was a granu- 
lating wound, the result of incision made when the biopsy 
was taken. Posteriorly, near the opening of the duct, 
there was a small area 0.5 centimeter in diameter where the 
neoplasm had involved the skin. The tumor mass itself 
was found to extend from within 0.5 centimeter of the 
urethra anteriorly to the rectal sphincter posteriorly. 
Laterally it had involved the levator muscle on that side. 
The inguinal glands were not removed at operation. 

Pathologist’s report. Case No. 75-712. By Dr. Francis 
Woods, surgical pathologist: “The gross specimen consists 
of a mass of skin tissue composed of labia majora and 
minora which show a distinct brownish pigmentation. 

“Under the skin on the left side is a large, firm mass 
buried deep in the fatty tissue. The mass measures approxi- 
mately 5 centimeters in diameter. It is not encapsulated 
and on cut surface appears white and fibrous. A large sinus 
runs through the center of the mass and in many areas pus 
is easily expressed from it. Microscopic examination re- 
veals many areas of fibrous tissue in which are scatterings 
of lymphoid cells (Fig. 1). In other areas there is evidence 
of acute inflammation with infiltration of polymorphonu- 
clear cells and areas of degeneration. Other areas show 
sheets of wildly growing squamous epithelial cells. In the 
center of most of these there is definite degeneration. 
Broken up cells and polymorphonuclears are seen in such 
areas and in the surrounding portions of these sheets of 
cells. Some of the nuclei appear to be shrunken and others 
to be fragmented. The degree of pigmentation of the 
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nuclei varies to a marked degree in these areas. A very few 
mitoses are seen (Fig. 2). In a number of areas in the 
fibrous tissue, multinucleated giant cells are seen, chiefly 
in areas where there is degeneration of tissue. There are no 
endothelial groups of cells to suggest tuberculosis. In 
some areas of the fibrous tissue the outlines of former acini 
can be made out, but no normal gland tissue can be seen 
anywhere.” 

Diagnosis. Squamous cell carcinoma of Bartholin’s 
gland. Sec. No. 777-881. The diagnosis of squamous cell 
carcinoma was confirmed by Dr. R. S. Austin, professor of 
pathology at the University of Cincinnati College of Medi- 
cine. 

The patient was seen again October 3, 1937, 3 months 
after operation. At this time the wound was completely 
healed, with no evidence of re-occurrence or metastasis. 
The inguinal lymph glands were not palpable. 

The patient was again seen on March 3, 1938, 8 months 
after operation. The wound was in good condition, com- 
pletely healed with no areas of tenderness or induration. 
There were no inguinal glands palpable and no evidence 
of local re-occurrence or metastasis could be elicited. 
X-ray examinations of the pelvis on October 13, 1937, and 
again on March 3, 1938, were negative. 
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PARASAGITTAL MENINGIOMAS: OPERATIVE TECHNIQUE 





SUGGESTED FOR EXPOSURE 


JAMES L. POPPEN, M.D., Boston, Massachusetts 


HE exposure of a large parasagittal 

meningioma may be the most difficult 

part of the operation in attempting its 

removal. Several helpful methods have 
been employed in the past few years which have 
facilitated the work on the bone and at the same 
time have given adequate exposure for the re- 
moval of the tumor. 

Large bony defects resulted after operation in 
many of the cases of parasagittal meningiomas 
such defects depending, of course, on the extent 
of the bony involvement as well as on whether the 
tumor involved the sagittal sinus. It was felt that 
the better part of valor was to rongeur bone 
away as the exposure was needed. This increased 
both the operating time as well as the loss of 
blood, since each bite with the rongeurs opened 
up large vascular spaces. 

The following 3 methods of attack may be used, 
depending on the conditions found at the time the 
procedure is carried out. With this technique, a 
satisfactory exposure may be made avoiding the 
sanguineous struggle which may ensue if an at- 
tempt is made to go through part of the vascular 
bony enostosis which is frequently present. 

From the Department of Neurosurgery, The Lahey Clinic. 
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OPERATIVE PROCEDURE 

Since it is difficult to be certain before operation 
that the tumor does not extend across the midline, 
the medial portion of the scalp incision is made 
well beyond the midline. The scalp and perios- 
teum are reflected as far as is necessary so that the 
extent of the bony involvement, as determined by 
a definite area of increased vascularity, may be 
determined. The course of the sagittal sinus may 
also be readily noted by the external appearance 
of the bone. The burr openings are then made as 
shown in Figure 1, the only change from the 
ordinary bone flap being that the medial portion 
of the bone flap is well past the midline, allowing 
excellent exposure of the tumor even if it should 
extend across the sinus. Emphasis is placed on 
the fact that a burr opening should be made 
immediately to either side of the sinus in both the 
anterior and posterior limbs of the bone flap, so 
that they may be readily connected with a Monte- 
novesi bone cutting instrument, thus avoiding 
possible injury to the sinus with the Gigli saw. 
The remaining burr openings are connected with 
a Gigli saw, starting the saw cut with the con- 
ventional bevel and continuing in this manner for 
two-thirds of the distance and then abruptly 
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Fig. 1. a, Outline of scalp incision well beyond midline and site of tumor. b, Scalp flap with periosteum 
reflected to allow burr openings to be made around involved bone overlying tumor. Also the relationship of 
burr openings to the sagittal sinus is illustrated. 
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Superior Sagittal Sinus 
Fig. 3. 

Fig. 2. The bone flap elevated as a whole. Note bevel 
of saw cuts. The entire flap is turned down in this manner 
only when the dura is not adherent and roentgenograms 
demonstrate minor bony attachment to tumor. 

Fig. 3. Entire bone flap raised with exception of the 


cutting the rest of the bone at an acute angle. If 
the latter is done with each cross cut it creates a 
slot effect making it impossible for the bone flap 
to slide out of position after it is once in place. 
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Fig. 4. 
bony attachment to tumor. Note window in bone flap. 
Fig. 4. a, Bone flap with sinus and tumor turned down, 
bone over tumor and sinus still intact. b, The bone seg- 
ments removed in 2 pieces. These 2 steps are used when 
the dura is adherent to the inner plate throughout. 


During the process of passing the saws from one 
burr opening to the other the surgeon has become 
acquainted to some extent with the degree oi 
adherence of the dura to the inner plate of the 
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Fig. 5. a, Dural defect filled in with a periosteal graft removed from inner surface 
of scalp flap after tumor has been removed. b, Bone segment replaced and kept 
anchored with a few black silk sutures taken through tiny burr openings through 


the edges of the bone. 


calvarium with exception, of course, of the bony 
enostosis. Also much will have been learned 
about the degree of vascularity. If it has been 
noted that the dura is readily separated from the 
inner plate and previous roentgenograms have 
given evidence of only a mild enostosis over- 
lying the tumor, the entire bone flap (Fig. 2) may 
be safely elevated if the staphylorraphy has been 
used to free the sagittal sinus through 2 or 3 burr 
openings made along one side of the sinus. It is 
always wise of course to have muscle at hand 
which has been collected from previous general 
surgical patients operated on that same day. 

If a rather large or deep enostosis has been 
demonstrated roentgenologically, it is likely to be 
firmly adherent to the tumor making it unwise 
to elevate the entire bone flap as a whole. There- 
fore, provided that the dura is not adherent else- 
where, many burr openings are made encircling 
the well demarcated vascular area in the bone. 
These burr openings are readily connected with 
a bone cutting forceps. This allows the bony at- 
tachment to the tumor to remain im situ as the 
rest of the bone flap is elevated (Fig. 3). The 
fragment of bone then may be left in place while 
the tumor is removed or may be carefully 
separated from the surface of the tumor with a 
periosteal elevator before the dura is opened. 

If the dura has been found to be firmly adherent 
throughout, as evidenced by difficulty in the 
guides for the Gigli saw through the burr opening, 
the technique in Figure 4 should be followed. 
The bone flap is elevated in 3 segments. The 
portion corresponding more or less to the ordinary 


type of bone fiap is turned down with the seg- 
ments covering the tumor and sinus left attached. 
These may be gently freed with a periosteal eleva- 
tor, with care to avoid tears in the dural sinus. 

After the intracranial tumor has been removed 
by the Cushing technique, which is well known, 
the resulting defect in the dura may be readily 
repaired by removing a strip of periosteum (Fig. 
5, a) from the inner surface of the scalp flap. The 
fragments of bone are replaced after the porticn 
overlying the tumor has been boiled or a corre- 
sponding segment removed from the inner plate 
of the bone flap to replace the portion involved 
with the tumor; the latter may then be discarded. 
These bone segments may be anchored with a 
few black silk sutures as shown in Figure 5, b. 

The above procedures allow adequate exposure 
of the tumor even if a portion of the sinus has to 
be resected due to invasion of the tumor. Also, 
any tumor can be taken care of that may have 
crossed the midline. A minimal amount of defect 
is left since bone dust may be saved from the burr 
openings which are well away from the tumor and 
be used to fill in the openings at the time of 
closure. 

SUMMARY 

1. Parasagittal meningiomas may be difficult 
to remove especially if enostosis is present. 

2. Three methods that may be followed are 
given. Decision as to which to follow can be 
made only at the time of craniotomy. 

3. The general principles may be followed in 
any convexity meningioma that has an adherent 
bony stalk. 
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NEPHROPEXY 


T is quite generally understood by physi- 
cians that stone in the upper urinary 
tract may cause symptoms and exhibit 

all the signs of acute lesions of the abdominal 
organs, particularly those of the appendix and 
gall bladder. Twenty-five years ago, and 
more rarely during recent years, it was not an 
uncommon occurrence mistakenly to remove 
the appendix or explore the gall bladder in 
cases of urinary calculi. Numerous reports of 
cases and discussions of this question have 
convinced the present generation of surgeons 
of the need for a roentgenogram and an ex- 
amination of the urine before resorting to an 
abdominal exploration. If no evidence of uri- 
nary tract disorders is found, the abdomen is 
opened and at least the appendix is removed 
with a certain feeling both of finality and of 
security. 

What is not so generally recognized is that 
a low-lying shifting kidney can simulate most 
of the lesions occurring in the right side or 
more rarely the left side of the abdomen. It 


is not necessary to have a Dietl’s crisis to 
implicate the kidney. Evidence of ureteral 
obstruction or pelvic dilatation may not be 
demonstrable. Tension due to the traction of 
a dislocated but otherwise comparatively nor- 
mal kidney may obstruct the bile ducts or 
constrict the duodenum, initiating a chain of 
symptoms which may be indistinguishable 
clinically from primary disease of these or- 
gans. Such cases while rare have not been 
found to be unusual. 

In the period between 1900 and 1910, neph- 
ropexy next to appendectomy was the proce- 
dure of choice for pain in the right side of the 
abdomen. It was a simple, clean-cut proce- 
dure which was easily performed with a low 
mortality even by operators of little training. 
Many developed their own methods of sus- 
pension, and medical periodicals contained 
numerous descriptions of bizarre and spectac- 
ular procedures, the very number and variety 
of which suggested neither satisfactory nor 
uniformly good results. In fact, unfavorable 
results were frequently seen. In some cases 
the nephropexy was done when not indicated; 
in others the suspension was poorly executed 
and did not hold the kidney in a sufficiently 
high position. Occasionally improper fixation 
permitted the kidney to pull loose, carrying 
other structures with it in its trip downward, 
thus causing further disability. In rare, care- 
fully selected cases, excellent cures were ob- 
tained, but the few favorable outcomes were 
overshadowed by numerous unfortunate re- 
sults. 

Such unfavorable results were bound to 
cause a reaction, and from 1910 to 1920 almost 
no reports of cases appeared in the literature. 
From 1917 to 1924, in 7 years of observing 
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surgery at several of the larger surgical cen- 
ters, I saw only four nephropexies performed, 
and these were done hurriedly, with a great 
deal of reluctance as well as with many 
apologies. 

The operation had been discredited, and in 
the minds of many of the older surgeons, it is 
still a procedure to be performed only as a 
last resort. More recently, reports of cases of 
patients successfully operated upon are again 
beginning to appear in the literature, usually 
qualified by a discussion of the limitations of 
the procedure and the desirability of properly 
selected cases. Many of these articles are by 
leading urological surgeons, and the success 
they have met with in treating these patients 
must be considered in our handling of similar 
cases. 

Partially due to the early bad repute of this 
procedure, nephropexy is still rarely consid- 
ered as the initial procedure. All other meas- 
ures are exhausted before renal suspension is 
considered. In a recent review of cases of 
nephropexy, all done on the right kidney, 57 
per cent had some previous abdominal opera- 
tion for the relief of right-sided abdominal 
pain. Almost one-third of those who had been 
operated upon previously had two, three, four, 
or more operations. In all cases but one, 
nephropexy was the last operation, and all but 
two patients were relieved of their pain by the 
operation. 

I am not entering a plea for widespread 
adoption of the operation of nephropexy, but 
I do offer the suggestion that the low-lying, 
movable kidney which is so frequently symp- 
tomless may also Le the primary cause of the 
patient’s disability. It is my belief that there 
is a small group of patients in whom urologi- 
cal investigation might save needless surgery 
and also that nephropexy is the only proce- 
dure that will give these patients relief. 

A. J. SCHOLL. 
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THE IMMEDIATE TREATMENT 
OF COMPOUND INJURIES 


ANY a medical student and hos- 
pital interne has dreamed of the 
day when his big moment would 


come—when the opportunity to demonstrate 
his ability would suddenly, and perhaps dra- 
matically present itself; and he has told him- 
self again and again just what he would do 
under such circumstances. Today one can 
promise him with assurance that the oppor- 
tunity will probably come very early in his 
career—in the form of a badly lacerated fore- 
head or face, a hand or forearm with division 
of nerves and tendons, an extensive avulsion 
of skin and soft tissues from upper or lower 
extremity, a compound fracture of both bones 
of the leg. The summons will probably come 
in the dark of the night or in the early hours of 
the morning. He will not be asked to present 
his credentials of membership in the College 
of Surgeons or any other organization; a plain 
“M.D.” will suffice. There will be no ques- 
tion of calling older and wiser colleagues into 
consultation; or of referring the patient to 
some one with more experience. He will only 
be implored to hurry, and asked for the assur- 
ance that life will be saved and that there will 
not be hideous and deforming scars as a result 
of the injury. 

Will he accept the chance and “field the 
ball” perfectly? Much depends upon his un- 
derstanding of two golden principles of good 
surgery—patience and gentleness. Patience, 
because the transformation of a lacerated 
badly contaminated wound into a clean sur- 
gical wound, susceptible of immediate repair, 
is no task for the impetuous and irritable sur- 
geon whose motto is “Speed.” Gentleness, 
because living tissues are delicate fragile struc- 
tures that respond in remarkable fashion to 
gentle handling, but that can be destroyed by 
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chemical and mechanical trauma as easily as 
the petals of a fragile flower. If patients 
always came to the surgeon in the form of a 
Greek god or goddess it might be easier to 
visualize living tissue as a delicate, wonder- 
fully fragile and strangely beautiful structure. 
To realize that the blood stained, crushed and 
distorted mass of flesh and bone which often 
confronts the surgeon after a serious injury 
can be restored into a useful and symmetrical 
face or hand or leg requires imagination, and 
a certain genius for patience and gentle care. 

More specifically, an increasing experience 
has fortified us in the opinion that for the pa- 
tient with a compound injury the most satis- 
factory first aid dressing is the simple appli- 
cation of a sterile dressing and a pressure 
bandage to stop oozing of blood, and nothing 
more. Why? Because forceps not completely 
sterilized, catgut ligatures applied in haste in 
an emergency room, interested bystanders 
with uncovered mouths and noses talking ex- 
citedly over an open wound—these possible 
sources of infection we have come to fear 
more than the knife or the glass or the metal 
that caused the wound. 

At the earliest possible moment and under 
suitable conditions the area about the wound 
should be carefully cleansed with plain white 
soap, which is less irritating than green soap 
or tincture of green soap, and with soft sterile 
cotton, held in hands covered with sterile 
gloves. When the area about the wound is 
cleansed the wound itself is gently, patiently, 
and thoroughly cleansed in the same fashion, 
and thoroughly irrigated with warm saline 
solution. If the wound is clean cut, the result 
of a knife wound or glass cut and looks per- 
fectly clean to the naked eye, the soap and 
water cleansing of the wound itself can be 
omitted, and the irrigation with warm saline 
carried out as soon as the cleansing of the area 
about the wound is complete. A blood pres- 


sure band to secure hemostasis in an extrem- 
ity, sterile retractors to expose the depth of 
the wound during the process of irrigation, 
careful masking of everyone in the room—are 
all important details that help to secure the 
desired result. 

When cleansing of the wound is complete, 
if the surgeon is satisfied that he has converted 
the contaminated wound into a clean wound, 
repair is in order. This includes the careful 
preservation of tissues whose blood supply is 
intact, reduction of fractured bones, of frac- 
tured tendons and nerves, complete hemostasis, 
accurate wound closure, a large dressing so as 
to apply uniform and elastic pressure over 
the wound area, a splint to immobilize the 
injured tissues and favor healing. 

If one is doubtful as to the completeness of 
the cleansing process, or if the “safe interval” 
has passed, the repair of structures that in- 
volves dissection and further exposure of tis- 
sues should be omitted. The same careful 
cleansing, the same reduction of fractured 
bones should be carried out; the covering tis- 
sues can be left open or loosely sutured—as 
judgment and experience indicate. Our own 
practice tends more and more toward wound 
closure if hemostasis is satisfactory and the 
injury has not been of the crushing type. 

After operation the carefully immobilized 
part is left alone for 3, 4, 6 days unless some 
definite indication arises for disturbing the 
dressings. If a patient is comfortable, afebrile, 
resting well at night, one can wisely restrain 
his curiosity to see what is going on under- 
neath the dressings. The patient should be 
watched with the greatest care; the wound is 
best left alone until the sutures should be re- 
moved. 

The question of shock, the necessity for 
transfusion, the careful pre-operative exami- 
nation of the patient, not the wound, to deter- 
mine the extent of injury are important con- 
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siderations that cannot be discussed here. 
The actual care of the compound injury— 
from the moment the patient comes to the 
doctor—is the responsibility of the man who 
first sees the patient. If his treatment is wise, 
painstaking, well considered often nothing 
more than time and simple after-care is 
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needed to restore the patient to health and 
normal activity. If not, it too often happens 
that nothing in the way of skillful surgery or 
prolonged treatment can compensate for hap- 
hazard or unthinking care immediately after 
the injury has been sustained. 

SUMNER L. Kocu. 











laying down of certain rules of form and order 

have all combined to discourage the develop- 
ment of an individual style of writing by medical 
authors. There is unquestionably one writer on 
purely scientific material who is a stylist and he 
succeeds in making his articles living, interesting 
stories of his experimental and clinical investiga- 
tions. That author is, of course, Dr. Harvey 
Cushing. Since most of us are wholly unable to 
approach Dr. Cushing’s accomplishments in the 
field of medical writing, perhaps it would be better 
if we wrote simply, directly, briefly, and to the 
point. Tradition and custom have required the 
use of extensive historical reviews and citations of 
literature, which in many instances are not 
pertinent, simply because the author is fearful 
that his readers will not recognize that he has 
made a careful and complete study of the subject 
about which he is writing. 


I: SEEMS too bad that custom, habit, and the 


GOOD example of what is meant by concise, 

brief statement of a problem and the points 
to be emphasized is BLACKFIELD’s paper on burn 
contractures of the hand which will be published 
in the near future. Blackfield’s important points 
that contractures may be prevented by early and 
proper skin grafting and his clear description of 
the essential technique of the types of grafts to be 
used in early and late cases and the principles 
covering the use of grafts are not hidden by un- 
necessary verbiage. 


E FEEL sure that all of our readers will be 

interested in three papers which make up a 
very careful study of 70 patients with cancer of 
the cervix who have been treated at the Pondville 
Hospital. This is the Cancer Hospital of the 
Massachusetts Department of Public Health. 
Seventy cases of cancer of the cervix treated by 
x-ray and radium have now been traced for 5 
years and longer and the results are given by Dr. 
MEtcs and his associates. In another paper the 
extreme importance of the genito-urinary system 
in cancer of the cervix is emphasized, and another 
interesting fact resulting from a study of these 
cases is the authors’ belief that one may be able to 
choose cases for surgery because of the patients’ 
reaction to radiation rather than simply because 
they are early cases. 


ACROSS THE EDITORIAL DESK 
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Besides being well written these papers are 
excellent examples of careful, detailed study 
of a group of cases which offer more than a 
statistical study of percentages. 


RTICLES by WERNICKE and BEEKMAN and 
SULLIVAN deal with that perennial problem 
of the treatment of hernias. Wernicke’s paper is a 
good, clear, and fair statement of the value of the 
injection treatment of hernia and seems appropri- 
ate at this time when enough material should be 
available upon which to base a judicial statement 
as to its value. Everyone recognized from the 
beginning that it was not a simple and foolproof 
method and that it was not without danger even 
in experienced hands. That the injection treat- 
ment has merit in certain cases is true, even though 
the ideal solution for injection has not yet been 
developed; Wernicke, however, believes that the 
method cannot supplant surgery in the majority 
of instances, and he warns against the indis- 
criminate use of solutions by those unskilled in 
the technique. 

In connection with this paper the analysis of 
Beekman and Sullivan of the immediate post- 
operative complications in 2000 cases of inguinal 
hernia in relation to infections, anesthesia, suture 
material used, and other factors is particularly 
worthy of attention. The pendulum swings a 
long way in both directions in surgical therapy. 
Sometimes it is difficult to wait until it has settled 
down to its midposition. 


T IS unfortunate that the cost of reproducing 

colored illustrations is so great to the author 
and to us, because an article-on the study of 200 
specimens of human endometrium is accompanied 
by colored illustrations which would lend them- 
selves particularly well to reproduction; but Dr. 
CLEVELAND of Vanderbilt University has decided 
and we agree, after our initial disappointment, 
that black and white reproductions of his illustra- 
tions showing the study of nuclei and the chro- 
matin distribution in these specimens of endo- 
metrium will accurately reproduce his findings. 
Cleveland’s observations suggest that the differ- 
ences in the threshold response of the gland and 
stromal nuclei of the human endometrium to 
hormonal stimulation may furnish a basis for 
determining fluctuations in endocrine levels. 
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MASTER SURGEONS OF AMERICA 


JOSEPH C. BLOODGOOD 


N October 22, 1935, the medical profession, and particularly that part 

dealing with surgical diagnosis, lost one of its most dynamic members. 

Born in 1867 on the first of November in Milwaukee, Wisconsin, Dr. 

Bloodgood began his professional career by graduating from the University of 

Wisconsin in 1888 and receiving his medical degree at the University of Penn- 

sylvania in 1891. His whole professional life was spent in connection with Johns 

Hopkins Medical School and Hospital, where he was assistant resident surgeon, 

later resident, assistant instructor, associate, and finally associate professor of 
clinical surgery. 

As a young prospective surgeon his environment was filled with the enthusiasm 
of his master, W. S. Halsted, one of the pioneers of modern surgery. Dr. Halsted 
approached his own progress from two angles, animal experimentation and surgi- 
cal morbid anatomy. It was the latter approach which apparently appealed to 
Dr. Bloodgood. He became the instructor of surgical pathology which continued 
to be his field throughout his life. He was probably the first physician in the 
United States to devote the major part of his time to surgical morbid anatomy 
and who was to gain recognition as a great surgical pathologist. A review of his 
published articles, as well as of his many demonstrations for his colleagues and 
the profession, shows clearly that surgical pathology and surgical diagnosis were 
his main interests. Quite naturally these interests dealt largely with all forms of 
malignant tumors; he became known, therefore, as an authority on cancer and 
he spent the last years of his life publicly and professionally enlightening all 
upon this destructive disease—its nature, diagnosis, and treatment. 

In the last part of the nineteenth century William Ostwald, distinguished 
chemist and philosopher, divided men into two main groups—die Klassiker and 
die Romantiker. He described the first as being rather slow at observation, cor- 
relation, generalization, and utilization, not unusual in childhood, producing 
rather slowly, and not as a rule great teachers. The second group was composed 
of those rapid in their reaction time; they produced work in large quantity, and 
rapidly. This group contained the enthusiastic teachers. If this be a correct 
division of men, then I feel that Dr. Bloodgood must have belonged to the second 
or romantic group. Certainly he did great quantities of work and this very 
rapidly. Certainly he inspired a great following. He was not a creator of new 
ideas nor a discoverer of new facts, but he was an extremely valuable teacher of 
selected facts he quickly saw in his abundant material and deemed valuable for 
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his profession and his fellow countrymen. He took an active part in all movements 
leading to the diffusion of knowledge of cancer. No member of the profession had 
closer contact with, and a greater influence over, the lay press than did Dr. 
Bloodgood. This, his tremendous enthusiasm, led him to use for popular educa- 
tion which is neglected too frequently by our profession. 

I, personally, feel no one will take his place in the many medical meetings 
where one almost always was certain to hear him bring his enthusiastic plans for 
early diagnosis of cancer. His great personality as well as his carefully studied 
statistical facts relative to prognosis in neoplastic diseases will be missed not 
only by specialists in his field but by the average general practitioner throughout 
the country. They knew him personally, believed in his diagnostic ability, and 
had the greatest respect for his abundant and concentrated professional expe- 
rience which lasted well over forty busy and useful years. 

WILLIAM CARPENTER MACCarty. 
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REVIEWS OF NEW BOOKS 


tions of the Hand, completed just before the 

author’s death, carries on the tradition of pre- 
vious editions of this authoritative work. The ar- 
rangement follows the same splendid plan as in the 
previous edition. There is first a consideration of 
the anatomy of the hand and forearm, especially as 
related to infections and their spread as determined 
by anatomical dissections, by cross sections, by in- 
jection experiments, and by clinical observations. 
The outlines of the principal fascial spaces are de- 
scribed and illustrated in relation to surface and 
deep landmarks, together with their relations to one 
another, to the flexor tendon sheaths, to the lumbri- 
cal canals, and to the major forearm space. This 
complex subject is so handled that it can be readily 
comprehended by the attentive reader. This is fol- 
lowed by a brief description of the superficial and 
deep lymphatics. The importance of placing the 
infected hand in the “‘ position of function” through- 
out the course of treatment is emphasized by devot- 
ing one entire, though short, chapter to this impor- 
tant topic which is referred to again and again 
throughout the book. It is described as the position 
in which “maximum power can be exerted with 
least effort”? and in which “‘many important mo- 
tions can be carried out with a minimum of motion.” 

The general principles of treatment are next con- 
sidered, some of the more important being the fol- 
lowing: Incisions in a bloodless field under general 
anesthesia to allow adequate opening, accurate dis- 
section and avoidance of vessels and nerves, inci- 
sions sufficiently large so that drains can be reduced 
to a minimum, immobilization of the hand in the 
position of function in a massive wet dressing, the 
use of passive hyperemia for 18 to 24 hours following 
incision, removal of all drains after 24 to 48 hours, 
the making of all dressings under strict aseptic pre- 
cautions, the time for discontinuance of wet dress- 
ings, the use of arm baths from 20 to 30 minutes 
each day, followed by dehydration by dry heat, 
then a light dry dressing, and physical therapy to 
restore function at the earliest possible moment. 

A very valuable chapter is the one on prophylac- 
tic treatment of injuries, emphasizing as it does gen- 
tle cleansing of the injured parts with soap and 
water with no strqng antiseptics in the open wound, 
and débridement of devitalized tissues followed by 
immobilization in the position of function. 

The diagnosis and treatment of specific infections 
are next discussed: first, felon, paronychia, carbuncle, 


[tion new, seventh edition, of Kanavel’s Infec- 


1 INFECTIONS OF THE HAND; A GUIDE TO THE SURGICAL TREATMENT OF 
\cUTE AND CHRONIC SUPPURATIVE PROCESSES IN THE FINGERS, HAND 
AND ForeEARM. By Allen B. Kanavel, M.D., Sc.D. 7th rev. ed. Phila- 
delphia: Lea & Febiger, 1939. 
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mycotic and other superficial infections; next, ab- 
scesses in the minor spaces; then infections about the 
metacarpophalangeal joint which are due chiefly to 
a tooth penetrating the skin over the knuckle in a 
fist fight. This is followed by a consideration of 
gangrenous infections, streptococcic, symbiotic, and 
gas bacillus. 

Part III contains separate chapters on the diagno- 
sis and treatment of lymphangiitis and infections of 
the separate tendon sheaths, and of the major fas- 
cial spaces, together with a description of possible 
extensions from a given point of infection, and spe- 
cific direction as to how to incise each sheath and 
each of the fascial spaces. Slight modifications in 
the incisions recommended in previous editions for 
drainage of the thenar and middle palmar spaces are 
described. 

The final division of the book, Part IV, is con- 
cerned with the complications and sequelz of infec- 
tions of the hand, such as osteomyelitis, hemorrhage, 
ankylosis, and contracture, discussing their preven- 
tion, diagnosis, and treatment. The last few chapters 
describe methods and apparatus for physical ther- 
apy and the types of basic but easily made splints to 
be used during treatment. 

The book is well printed on excellent paper, is 
profusely illustrated and each chapter is ended by a 
résumé of the entire chapter, which is a considerable 
help to the reader and should be of value to students. 

Mont R. RED. 


IF the reviewer believes his task in reviewing such a 
voluminous work as Meakins’ The Practice of 
Medicine,? is somewhat arduous, he may console 
himself with the thought that it is infinitely more 
laborious to write such a book. This book is the 
product of Dr. Meakins’ own effort. A few sections 
have been written by his associates but under the 
critical supervision of the author. It has been said 
that the present status of medicine has made it im- 
possible that a satisfactory textbook of medicine be 
written by a single author. Dr. Meakins has upset 
this statement. Indeed, his book may be cited to 
show that in many respects single authorship is 
superior to any other. 

The book consists of twenty-one chapters in which 
the non-surgical maladies of the body are discussed. 
Included in this discussion are short sections on 
diseases of the nervous system and of the locomotor 
system. The author has jettisoned the usual stereo- 
typed approach to and consideration of individual 
diseases. He adopts the much more logical method 


2? THE Practice or Mepicine. By Jonathan Campbell Meakins, M.D., 
LL.D. 2d ed. St. Louis, Mo.: The C. V. Mosby Co., 1938. 
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of setting forth a general description of the symp- 
toms produced by disorders of the portion of the 
body under discussion. For instance, the discussion 
of diseases of the stomach is prefaced by a general 
consideration of appetite, anorexia, pain, nausea, 
and so on. Later these symptoms are fitted into the 
pictures of ulcer, carcinoma, syphilis, and so on. 
This method of approach is used throughout the 
book wherever possible. It makes a much more 
readable book and saves much of repetition. It is 
difficult to single out any one portion of the book for 
special commendation. Diseases of the hematopoi- 
etic system, with excellent plates, is especially good. 
The discussion of cardiac arrhythmias is very clear 
and concise. The approach to the subject of heart 
failure is very well done. 

In any work of this sort in which the author must 
crowd a vast amount of information into a relatively 
small space, the problem of selection of material be- 
comes paramount. The author must decide what to 
omit, not what to include. Whatever sins there are 
in this book would seem to be sins of omission. A 
few examples follow. In the treatment of neglected 
diphtheria, no mention is made of the inestimable 
value of large amounts of intravenous glucose. The 
efficacy of vein ligation as a prophylactic against 
pulmonary infarction complicating thrombophlebitis 
is not brought out. The value of muscle biopsy in the 
diagnosis of Buerger’s disease seems to have escaped 
notice. The work of Beck and O’Shaunnesy in the 
treatment of coronary artery disease has apparently 
not impressed the author. There is no mention of 
the erythrocyte sedimentation rate as an aid to the 
diagnosis of coronary occlusion. The brilliant results 
of pericardiectomy for compressive pericarditis are 
dismissed with a single line. The administration of 
dilute hydrochloric acid to patients with pernicious 
anemia still gives symptomatic relief. 

There will also crop up ‘certain differences of 
opinion in the matter of treatment. It is doubtful 
that the treatment of pulmonary tuberculosis may 
be adequately presented in three scant pages. The 
treatment of aortic aneurysm carries an optimistic 
note that may bring disappointment. There is cer- 
tainly no unanimity of opinion that coronary dilators 
are of little value after the coronary infarction has 
occurred. 

There are some startling innovations in the classi- 
fication of disease. Lobar pneumonia and typhoid 
are no longer acute infectious diseases. They are, 
respectively, diseases of the respiratory and gastro- 
intestinal tract. It would seem equally logical to 
treat erysipelas as a disease of the skin. It is difficult 
to see why agranulocytic angina is a disease of the 
hematopoietic system while acute mononucleosis is 
an acute infectious disease. 

These minor criticisms should not be allowed to 
militate against the general excellence of the book. 
It is obvious that perfection is unattainable, but 
Dr. Meakins has come as close to it as any one, 
perhaps a wee bit closer. The student and the prac- 
titioner will find this book filled with essential in- 
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formation presented in a delightful fashion and well 
worth careful perusal. G. K. FENN. 


MONOGRAPH by an experienced anesthetist 

written for anesthetists is Maxson’s Spinal 
Anesthesia. It contains a thorough discussion of 
the problems which confront one in spinal anes 
thesia. Simple, black and white diagrams elucidate 
the anatomical and physiological considerations per 
tinent to this method. The various drugs used, the 
technical variations, the failures, difficulties, dangers 
and mortality, the complications and late sequelz, 
advantages and disadvantages, indications and con- 
tra-indications, and finally special techniques are 
given due consideration. 

The use of hypobaric instead of hypotonic solu- 
tions sounds a little unfamiliar. The bradycardia 
observed in high spinal anesthesia is attributed to a 
partial block of the cardiac accelerator fibers, which 
is not confirmed by experience with the paraverte 
bral block of the upper dorsal sympathetic ganglia; 
a more likely explanation is a central vagal stimula- 
tion caused by the fall in systemic blood pressure. 
While the author emphasizes the importance of 
maintaining blood pressure during anesthesia, he 
does not seem to stress the harmful effect on cere- 
bral and coronary circulation of even temporary and 
moderate dips of the pre-anesthetic level. Not only 
the novice, as the author recommends, but the 
experienced anesthetist can benefit by blood pres- 
sure determinations, as they frequently precede the 
clinical signs and symptoms of acute hypotension. 

The author modestly refrains from recommending 
a definite type of technique and quotes verbatim 
many authorities; this may be an advantage to 
experienced anesthetists. It must be remembered, 
however, that thousands of general surgeons through- 
out the country are in need of a simple, safe, and 
generally applicable technique. It is to be hoped 
that in a future edition, the author will recognize 
this existing need. Even if large institutions will 
continue to build up efficient departments of anes- 
thesia, surgeons in smaller communities will have to 
be doing their own spinal anesthesia; with a control 
of blood pressure by a nurse, the method has its place 
in surgical practice. GEZA DE TAKATS 


Shy has been a complete revision of the text 
of Urology? since the last edition 4 years ago. 
The book retains the former divisions of chapters 
according to the individual components of the 
urinary tract as applied to both sexes, and those of 
the male genital tract. The chapter on gonorrhea in 
the female has been revised by Irving F. Stein. 
The new edition is profusely illustrated and con- 
tains some excellent new views of genital lesions. In 
this connection there is included an outline of treat- 
ment of early syphilis as adopted by the Co-Opera- 
wae ANEsTHESIA. By Louis H. Maxso: M.D. Foreword by 
Wayne Babcock, M.D., LL.D., F.A.C. -" "bhtiedelphie, London, New 
York ontreal: J. B. Lippincott Ca, 19 


2UROLOGY. By Daniel N. Eisendrath, ett ‘D., and Harry C. Rolnick, 
M.D. 4th ed. Philadelphia: J. B. Lippincott Co., 1938. 
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REVIEWS OF 


tive Clinical Group of the United States Public 
Health Service. This revision embraces the newer 
studies of the male sex hormones and the gonado- 
tropic principle found in the urine as applied to 
diagnosis and treatment. 

There is an excellent chapter by Maurice Muschat 
on neurogenic dysfunction of the bladder. The 
space devoted to non-tuberculous and _ tubercu- 
lous infections, nephrolithiasis and renal tumors, 
includes the recent changes in the concepts of their 
etiology, diagnosis, and treatment. The medical 
aspect of nephritis receives its just place in the 
urologic textbook. Special chapters are devoted to 
urology in the female and in children. 

It is gratifying to note that the sections on gonor- 
rhea have been condensed into two chapters. In the 
former editions, as well as in most urologic texts, the 
large amount of space devoted to this subject is con- 
fusing to the student. The authors have long been 
noted as authorities on anomalies, and on the genital 
tract, so naturally the sections are monographs on 
these subjects. The two chapters on sterility in the 
male and the sex neuroses are handled in a direct and 
simple manner without the usual confusion. The 
short section on anesthesia is admirably managed 
and complete, although surprisingly brief. 

An inspiring innovation is the introduction of a 
page before each section, entitled “Orientation,” in 
which the student and practitioner are briefly ac- 
quainted with the subject matter and purpose of 
that section. Each chapter is headed by a short list 
of its contents and relative position in the text. The 
table of contents is in great detail and the index is 
complete. This edition omits the use of heavy type 
for emphasis, which adds greatly to the appearance 
of the page. 

Eisendrath and Rolnick’s book is the best of its 
kind for the student and practitioner. 

L. L. VESEEN. 


VERY medical student and physician is well 

aware of the fact that neurophysiology is a com- 
plex subject. One reason for this is that very few 
comprehensive and well organized treatments of the 
subjects have been available, and none have been 
available which contain the important recent ad- 
vances in this field. Most reviews and discussions of 
the subject include such a wealth of uncorrelated de- 
tail and the presumption of an intimate knowledge 
of the subject that the average reader is unable to 
see the forest because of the trees. Fulton in The 
Physiology of the Central Nervous System! has very 
successfully correlated the details of neurophysiology 
in an intelligible and logical manner. The book 
begins with the sensory receptor organs and nerves, 
proceeds to a discussion of the intimate behavior of 
the reflex arc and its component parts, then takes up 
the activities of the spinal cord, medulla, pons, 
mesencephalon, the autonomic system, the hypo- 


1 PHYSIOLOGY OF THE CENTRAL NERVOUS SysTEM. By J. F. Fulton, M.A. 
D.Ph.(Oxon), S.B., M.D. London, New York, and Toronto: Oxfor 
University Press, 1938. 
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thalamus, thalamus, the various functional areas and 
systems of the cerebrum, and concludes with an 
exposition of the functions of the cerebellum. 

Each chapter begins with an informative histor- 
ical note and concludes with an excellent and most 
helpful summary. The liberal use of subheadings, 
italics, and illustrations are of considerable aid to 
the reader. Where necessary, sections or whole 
chapters are devoted to anatomical description. The 
book is invaluable if for no other reason than that its 
complete and accurate bibliography contains 1361 
titles. 

The book is thoroughly up-to-date for it covers 
the literature up to within several months of its own 
date of publication. The reader cannot fail to be 
impressed with the rapid advances that have been 
made in recent years in this field, for the greater 
proportion of the text is concerned with material 
reported within the past eight years. 

Throughout the text the comparative viewpoint is 
emphasized. Where species differences occur, they 
are clearly indicated and their significance is pointed 
out. In-this way the differences instead of being 
confusing are illuminating, for they reveal the 
gradual transition from lower forms to man. In this 
connection the more recent findings in the higher 
primates are carefully considered, since they pro- 
vide the important link between the lower mammals 
and man. 

The outstanding characteristic of this book, and 
one which will earn it many grateful readers, is its 
splendid organization. Although one might take 
exception to some of the views expressed by the 
author, the fact that a high degree of order has been 
introduced is sufficient reason to render the book 
very valuable to anyone who desires to know more 
about the physiology of the nervous system. 

A. C. ye; 


(CABOT'S Physical Diagnosis? needs no introduc- 
tion to the medical profession. The first edition 
offered in 1900 and now entirely re-edited in its 
twelfth edition is indeed worthy of the part it has 
taken as an outstanding reference book for the 
practitioner of medicine and especially as a text- 
book for the medical student in the correlation of 
physical findings and organic disease. Dr. Adams 
has collaborated with the author in the composition 
of this edition and now the book in its twelfth edition 
bears the double authorship. 

Some three hundred more pages of material has 
been added over the eleventh edition, although the 
opening chapters are similar, with emphasis on the 
importance, method and plan of history taking, 
followed by general consideration of the patient as a 
whole. Then regional examinations are taken in 
order, with clear and complete discussion of the 
technique of percussion and auscultation greatly 
amplified with numerous illustrations. Following are 
separate chapters devoted to rheumatic heart dis- 


?PuysicaL Dr1aGnoslis. By Richard C. Cabot, M.D., and F. Dennette 
Adams, M.D. 12th ed. Baltimore: William Wood & Co., 1938. 
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ease, cardiac decompensation, systemic hyperten- 
sion, and coronary disease. Throughout the chapters 
on pulmonary diseases and the abdomen, the same 
plan of presentation is continued with correlation of 
the findings and underlying pathology. The chapter 
on “Examination and Diseases of the Joints,’ has 
been greatly enlarged with diagrams of the normal 
joint movements and their degrees of rotation, flex- 
ion, or extension. The final chapter has been devoted 


to the nervous system and is much more detailed than 
in earlier editions, illustrating with pictures the 
method of obtaining reflexes, and ending with the 
disease entities and the pathological findings. 
Throughout the entire twelve editions, no one 
edition has been rewritten with more benefit to the 
reader, and it will undoubtedly continue in its estab- 
lished place as an outstanding modern conception of 
this subject. Epmunp A. GorveETt. 
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CORRESPONDENCE 


THE FRANCIS AMORY SEPTENNIAL PRIZE 
OF THE AMERICAN ACADEMY OF 
ARTS AND SCIENCES 

N compliance with the requirements of a gift 
| under the will of the late Francis Amory of 
Beverly, Massachusetts, the American Academy 
of Arts and Sciences announces the offer of a septen- 
nial prize for outstanding work with reference to the 
alleviation or cure of diseases affecting the human 
genital organs, to be known as the Francis Amory 
Septennial Prize. The gift provides a fund, the in- 
come of which may be awarded for conspicuously 
meritorious contributions to the field of knowledge 
“during the said septennial period next preceding 
any award thereof, through experiment, study or 
otherwise .... in the diseases of the human sexual 
generative organs in general.” The prize may be 
awarded to any individual or individuals for work 
of “extraordinary or exceptional merit’ in this 
field. 
In case there is work of a quality to warrant it, 
the first award will be made in 1940. The total 


amount of the award will exceed ten thousand 


dollars, and may be given in one or more awards. It 
rests solely within the discretion of the Academy 
whether an award shall be made at the end of any 
given seven-year period, and also whether on any 
occasion the prize shall be awarded to more than a 
single individual. 

While there will be no formal nominations, and 
no formal essays or treatises will be required, the 
Committee invites suggestions, which should be 
made to the Amory Fund Committee, care of the 
American Academy of Arts and Sciences, 28 New- 
bury Street, Boston, Massachusetts, U.S.A. 


A TECHNIQUE OF THYROIDECTOMY PERMIT- 
TING THE USE OF SILK 
A CORRECTION 

In the article by Drs. Donald Guthrie and M. J. Brown, 
entitled “‘A Technique of Thyroidectomy Permitting the 
Use of Silk,” which appears in the April issue, p. 801, an 
error has been made in the names of the muscles: in the 
text on pages 806 and 808, in the illustration and the 
caption of Figure 13, and in the caption of Figure 6, the 
word “thyrohyoid” muscle should read “sternothyroid” 
muscle. 
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A REVIEW OF THE CLASSIFICATION OF BONE TUMORS 


JAMES EWING, M.D., New York, New York 


N 1928, The Bone Sarcoma Registry of the 
American College of Surgeons prepared a 
classification of bone sarcomas and recom- 
mended its adoption by surgical clinics. 

While the classification was not entirely satisfac- 
tory to the committee, it was felt that its tenta- 
tive adoption would facilitate the interchange of 
views and the progress of knowledge of this com- 
plex group of diseases. 

The classification was as follows: 


A. Osteogenic Sarcoma 
1. Medullary and subperiosteal 
Telangiectatic 
Sclerosing 
Periosteal 
Fibrosarcoma, medullary, periosteal 
. Parosteal, capsular 
B. Giant Cell Tumors 
C. Endothelioma 
1. Angiosendothelioma 
2. Diffuse endothelioma 
D. Myeloma 
1. Plasma cell myeloma 
2. Myelocytoma 
3. Erythroblastoma 
4. Liposarcoma 


Auf wW bd 


Liposarcoma was omitted from the original list 
because of scanty material, and the existence of 
well defined reticulum cell lymphosarcoma was 
not sufficiently established to warrant its recogni- 
tion at that time. 

This classification received rather wide ap- 
proval in American clinics and its influence in 
foreign clinics was apparent in many subsequent 
contributions in this field. After this rather long 
interval and trial it has seemed to the committee 
that it should be reviewed and any changes intro- 
duced which later experience may have suggested. 

During the past few years a few other classifica- 
tions have been proposed and have received cer- 
tain recognition, and these may be discussed here. 

The committee’s classification and its proposed 
revision are based on histogenesis, and it will be 
observed that this principle has been followed 


A Report from the Committee of the Registry of Bone Sarcoma, 
of the American College of Surgeons. 


rigidly throughout. The designation of subvarie- 
ties is based on pathological anatomy because this 
method lends itself to the practical needs of sur- 
geon, radiologist, and pathologist. However, it is 
not possible to subdivide the true myelomas on 
pathological anatomy because gross features of 
the myelomas are much alike, and here the desig- 
nation of subvarieties is based on histogenesis or 
cell of origin. These principles accord with those 
now employed in the classification of tumors in 
general and of most other pathological processes. 

In 1931, Geschicter and Copeland proposed an- 
other classification, somewhat similar to the other, 
but based ostensibly on the embryology of bone. 


TUMORS RELATED TO OSTEOGENESIS 
A. Tumors derived from precartilaginous connec- 
tive tissue 
I 


Osteochondroma or benign exostosis 
Chondroma or benign chondromyxoma 
Primary chondromyxosarcoma 
Secondary chondromyxosarcoma 


— Wh 4 


‘umors related to subsequent cartilaginous 
growth 


2 
Chondroblastic sarcoma 
Osteolytic osteogenic sarcoma 


Bone cyst and osteitis fibrosa 
Benign giant cell tumor 


wn H 


3 
1. Primary lymphoma of bone (Endothelial 
myeloma of Ewing) 
2. Multiple myeloma 
3. Metastatic carcinoma 
4. Fibrosarcoma and neurogenic sarcoma 


There are several substantial defects in this 
classification. It departs radically from all previ- 
ous usage and introduces new and novel concep- 
tions which are not well established facts. It 
overemphasizes the participation of cartilage in 
bone sarcomas, five of nine subdivisions being 
types of chondroma or chondrosarcoma. It sub- 
ordinates the important features of pathological 
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anatomy which are of the greatest practical im- 
portance to surgeon, radiologist, and pathologist, 
and which as a rule must form the basis of clinical 
diagnosis. Osteoblastic and osteolytic osteogenic 
sarcomas probably arise from the same cells, the 
rate of growth and other physiological properties 
determining the presence or absence of bone. The 
term osteolytic sarcoma invites inaccuracy and 
confusion, since so many different tumors of bone 
are osteolytic. It would seem better to recognize 
the osteolytic sarcomas as the higher grades of 
malignancy of the essential varieties rather than 
as a special group. 

Osteitis fibrosa is not a neoplastic process ex- 
cept when associated with giant cell tumors. Too 
little attention is given to the various forms of 
fibrosarcoma. Nothing is gained by omitting the 
well defined periosteal fibrosarcoma. On the other 
hand the separation of neurogenic from other 
forms of fibrosarcoma is properly emphasized. 
Lymphoma is too general a term to designate any 
of the specific tumors of bone marrow. The vari- 
ous subdivisions of true myeloma can hardly be 
omitted from any adequate list of tumors of bone 
marrow. Endothelioma was probably assigned 
to the lymphoma class because of inadequate 
data. 

On the other hand the questions raised by these 
authors emphasize the need of a special grouping 
of the series of cartilaginous tumors, and also the 
probable participation of embryological disturb- 
ances in the origin of certain sarcomas of bone. 

Another classification has been recently sug- 
gested by Dahl.! 

A. 

1. Periosteal or sclerosing sarcoma 
2. Periosteal chondromyxosarcoma 
3. Central osteolytic sarcoma 
Central osteolytic chondroblastic sarcoma 
B. Endothelioma (Ewing’s sarcoma) 
C. Myeloma 
D. Periosteal fibrosarcoma 
E. Osteitis fibrosa and sequels 


? % 


This classification emphasizes certain clinical 
and pathological features which are undoubtedly 
of interest, such as the variations in structure of 
tumors in or under the periosteum, the osteolytic 
property of certain cartilaginous tumors, and the 
separate position of osteitis fibrosa and its sequels. 
Yet we cannot see the grounds for separating be- 
tween periosteal fibrosarcoma and _ periosteal 
sclerosing sarcoma. Sclerosing sarcoma is a term 
firmly attached to the central sclerosing osteo- 
genic sarcomas. When cartilage forms in tumors 
connected with periosteum the cartilage seems to 


‘Dahl. Norsk. mag. f. legevidensk, 1937, 98: 410. 








arise from the underlying bone and not from the 
periosteum proper. Central osteolytic tumors are 
of several types. The response to Dahl’s classifi- 
cation is not apparent. 


COMMENTS ON THE COMMITTEE’S CLASSIFICATION 


Considerable discussion has occurred regarding 
the validity of the term “osteogenic” to designate 
tumors derived from bone. It has been asserted 
that this term may signify only “producing bone.”’ 
Yet Webster’s dictionary (1937) defines osteo- 
genetic as meaning “originating in bone.” This 
is exactly the sense in which that term is employed 
in the committee’s classification. There are other 
familiar instances in which the same use is made 
of the suffix-genetic, as hematogenous jaundice, 
bronchiogenic carcinoma, etc. 

The term osteosarcoma was rejected as unsatis- 
factory as a general term because it has long been 
identified with bone production and applied more 
specifically to the bone forming sarcomas and par- 
ticularly to the sclerosing forms. 

Medullary and subperiosteal osteogenic sar- 
coma is the term applied to the typical form of 
bone sarcoma which arises from the shaft of the 
bone and grows freely into the marrow cavity and 
also underneath the periosteum. It lifts the 
periosteum and produces the characteristic tri- 
angle of Codman. The committee endorses the 
use of this term as accurately reflecting the origin 
of the tumor and meeting the needs of pathologi- 
cal anatomist, surgeon, and radiologist. Scleros- 
ing osteogenic sarcoma has been recognized as 
one of the best defined types of bone tumors, ever 
since its original description by Virchow. Perios- 
teal sarcoma of spindle cell structure, varying 
grades of malignancy, absence of bone produc- 
tion, and peculiar metastatic tendencies, presents 
such notable specific features as to require recog- 
nition as a separate type of bone sarcoma. The 
origin from the outer layer of the periosteum and 
preservation of the shaft serve to distinguish it 
roentgenographically from the destructive forms 
of bone tumors. The Registry now contains 
several cases which emphasize the remarkable 
predilection of this tumor to produce multiple 
metastases in the periosteum of many other bones, 
a feature rather exclusively enjoyed by this 
process and suggesting peculiar physiological 
properties. Very wide differences in grades of 
malignancy are presented in this group, some be- 
ing fibrous, others large spindle cell, and many 
very small spindle cell structures, with increasing 
malignancy and metastatic powers. 

The medullary fibrosarcomas constitute a 
limited group of processes the exact nature, ori- 
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REVISED CLASSIFICATION OF BONE TUMORS 1939 


Malignant Benign 


1. Osteogenic series 
Osteogenic sarcoma 

Sclerosing 

Periosteal 


nAPwnde 


Fibrosarcoma 


Medullary and subperiosteal 1. Exostosis 
Telangiectatic 


2. Osteoma 


(a) Medullary 
(b) Periosteal 


2. Chondroma series 


3. Giant cell tumor series 
4. Angioma series 


Malignant 


Myeloma series Plasma cell 


WwW 
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6. Reticulum cell lymphosarcoma 
7. Liposarcoma 


gin, and relations of which require further study, 
but the existence of peculiar tumors of this type, 
not related to any other medullary process, such 
as central chondroma or endosteal proliferation, 
must be conceded. The Registry contains a few 
such cases which have been recognized as peculiar 
but have been passed over without any serious 
attempt at elucidation. Very widespread lesions 
of this type have been observed. A possible con- 
nection with Paget’s disease has been suggested. 

Steiner has registered a remarkable case of 
diffuse spindle cell medullary fibrosarcoma affect- 
ing chiefly pelvis and sternum but appearing in 
other bones and associated with peculiar fibrosar- 
comatous lesions in several organs. A possible 
relation to Paget’s disease, or neurofibrosarcoma- 
tosis, may be considered in explanation of such 
conditions, as of other medullary fibrosarcomas. 

Capsular and parosteal sarcomas may with 
difficulty be given admission to the elite group of 
osteogenic sarcomas. They arise from fibrous cap- 
sules of joints and deep fasciz, often produce bone 
and cartilage, and may be intimately attached to 
the bone, but they do not originate from true bone 
tissue. Practically it may be very difficult for 
surgeon or radiologist to detect their spurious 
claims. The capsular tumors must be distin- 
guished from fibrocellular synoviomas and chon- 
dromas. The fibrous, cartilaginous, osseous or 
cellular fascial sarcomas of Virchow belong with 
the parosteal group, but the deep intermuscular 
myxosarcomas do not, although they may contain 
metaplastic areas of cartilage. Various forms of 
bony metaplasia may be seen in the deep neuro- 
fibrosarcomas, which compose the majority of 
parosteal sarcomas. 


Angioendothelioma 
Diffuse endothelioma 


Myelocytoma 
Erythroblastoma 
Lymphocytoma 


Parosteal, capsular 
Chondrosarcoma 1. Chondroma 
Myxosarcoma 


Epiphyseal giant cell tumor 
Cavernous angioma 
Plexiform angioma 


noe oe 


Telangiectatic bone sarcoma, a form of malig- 
nant bone aneurism, is a very characteristic bone 
tumor, but its exact origin and relation to other 
bone sarcomas have not been satisfactorily deter- 
mined. There is considerable evidence suggesting 
that this process belongs with the tumors of blood 
vessels of bone and is a cavernous angiosarcoma, 
and that the rich proliferation of malignant cells 
and scanty atypical bone deposits are to be inter- 
preted as phases of reactive productive osteitis. 
Typical cases, such as those depicted in Neo- 
plastic Diseases', are not common in the Registry. 
These tumors tend to remain circumscribed, some 
are very malignant and destructive, producing no 
bone, while a few grow more slowly and lay down 
some reactive bone. There seem to be transi- 
tional stages between benign aneurismal giant 
cell tumors and the cases now being classed as 
vascular osteogenic sarcoma. Further data seem 
necessary before the true nature and relations of 
the so called telangiectatic bone sarcoma can be 
determined, and these data should relate to the 
part played by blood vessels in the origin and 
growth of other osteogenic sarcomas. Their inti- 
mate clinical connections with other malignant 
bone tumors seem to warrant their retention, for 
the present, in any complete grouping of bone 
sarcomas. 

Cartilaginous bone sarcomas. Considerable basis 
exists for the recognition of a special group of 
bone tumors derived from cartilage and produc- 
ing cartilage. These tumors arise from pre-exist- 
ing normal cartilage or from remnants of cartilage 
displaced by rickets, or from chondromas or 
ecchondroses. The growths tend to be bulky and 

13d ed. Figs. 95, 108, 109. 
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they may reach very large dimensions. In the 
roentgenogram they are usually circumscribed, 
multilobed, and translucent, and very opaque 
calcific deposits are characteristic. All these fea- 
tures have been emphasized especially by Phem- 
ister.' There are many structural varieties, and 
all grades of malignancy. Some resemble normal 
hyaline cartilage and are benign, others cellular 
with mucinous and cystic degeneration, many 
exhibit a typical scanty matrix, many cells and 
definite malignancy, a few show advanced or 
complete mucinous degeneration yielding pure 
myxosarcomas. Calcification overtakes some 
areas in many tumors of this type, and giant cells 
of epulis type appear in certain cases. Cartilagi- 
nous material may be entirely missing in malig- 
nant tumors derived from cartilage, in which case 
the cells show a peculiar polyhedral or epithelioid 
form. The benign calcifying giant cell tumor of 
the head of humerus, previously mentioned, may 
well belong in this group of calcifying degenerat- 
ing chondromas. The periosteal and the medul- 
lary myxosarcomas are probably of cartilaginous 
origin. If the cartilaginous series of tumors is to 
be separated from other osteogenic sarcomas, the 
list would include the following forms: 

A. Benign ecchondrosis, chondroma and osteo- 
chondroma, periosteal and medullary. 

B. Chondrosarcoma. 

C. Myxosarcoma.. 

Giant cell tumors. It can hardly bé said that the 
accumulated efforts of surgeons, radiologists, 
pathologists, endocrinologists, and chemists, dur- 
ing the past decade have succeeded in simplifying 
our interpretation of the complex group of proc- 
esses included under this term. Probably the 
outstanding contribution is the proof that single 
and often multiple typical giant cell tumors are 
dependent on the mobilization of calcium from 
the bones under the influence of parathormone 
secreted in excess by overactive and generally 
hyperplastic parathyroid glands. Whether soli- 
tary giant cell tumors, of identical structure and 
behavior, are also the sequels of previous but 
transient disturbance of calcium metabolism is 
less certain but would seem to be a reasonable 
assumption. In that case the great majority of 
giant cell tumors would fall readily in one grand 
class, without too much regard to minor differ- 
ences of structure and clinical behavior. Against 
this simple solution lies the fact that many ob- 
servers have noted definite and apparently pri- 
mary changes in the blood vessels of bone and 
have attributed the giant cell reaction to the 
sequels of an angiomatous process. The promi- 
'Phemister. Surg., Gynec. & Obst., 1930, 50: 216. 





nence of blood vessels was noted by early stu- 
dents of giant cell tumors and recently Puhr has 
likened these early stages to cavernous angioma 
of the liver (and to the so called hemangiomas). 
In a well known group of giant cell tumors the 
gross structure is much like that of benign cavern- 
ous angioma, in which the giant cell reaction is 
merely a sequel of the absorption of bone by the 
angioma. It would seem possible that such low 
grade angiomatous processes might follow calcium 
absorption dependent primarily on parathyroi<| 
disturbances, but this explanation applies less 
readily to the more active vascular tumors. In 
some giant cell tumors, the blood vessels are not 
prominent and the tumor is solid and cellular. 
While a traumatic history is often obtained in 
cases of giant cell tumor, a traumatic origin has 
not been satisfactorily proved, and attempts to 
produce such tumors of bone by trauma have 
failed. Whatever may be the true pathogenesis of 
giant cell tumors the main group remains quite 
compact and characteristic, and varies chiefly in 
grade of malignancy. It is now readily apparent 
that there are all grades of malignancy among 
giant cell tumors, and that in certain not infre- 
quent cases the structure changes from a benign 
to a malignant type, especially after curettage or 
interstitial radiation, and sometimes in the nor- 
mal course of very prolonged cases. Some of the 
tumors are malignant from the first and some 
become so, and since it is highly important to 
recognize such variations, the best plan would 
seem to be the adoption of the simple method of 
grading the tumors in the usual manner accord- 
ing to degrees of malignancy. Grade 1 would then 
signify the benign simple essentially inflammatory 
process which many authors have refused to 
recognize as neoplastic. Grade 2 would desig- 
nate the ordinary benign but progressive cases. 
Grade 3 would refer to the aggressive cellular 
forms with scanty giant cells, and grade 4, the 
primary atypical, hyperchromatic, large spindle 
cell and giant cell malignant metastasizing 
growths of which there are now not a few cases 
on record. Aneurismal growths do not fall into 
this scheme and may be specially designated. 

There remain several variants or related forms 
of benign medullary tumors with giant cells which 
are not so easily disposed of. Certain benign cir- 
cumscribed spindle cell myxosarcomas with few 
or no giant cells are observed which run the usual 
course of giant cell tumors and should probably be 
included in this group. 

The benign calcifying giant cell tumors of the 
head of the humerus and occurring in other bones, 
*Stewart, Coley, Farrow. Am. J. Path., 1938, 14: 515. 
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reported at the International Cancer Congress in 
London, 1928, and first fully described by Cod- 
man,! are characteristic benign processes, gen- 
erally mistaken for malignant osteogenic sar- 
comas and treated as such by amputation, where- 
as they are readily cured by radiation. In order 
to avoid this unfortunate error it is desirable that 
this peculiar tumor should receive special recog- 
nition and a distinguishing designation. The 
structure presents strands of calcifying cartilage, 
cords of small polyhedral cells, and a moderate 
number of giant cells. As emphasized by Ge- 
schichter and Copeland, giant cells also occur in 
malignant chondrosarcomas in this and other 
regions, and these tumors must be distinguished 
histologically from the benign process here 
described. 

Endothelioma (Ewing’s sarcoma). The existence 
of a specific variety of bone sarcoma of this gen- 
eral type has been widely accepted but its histo- 
genesis is still under active debate. Oberling and 
Raileanu® and others have presented evidence to 
show that this tumor arises from the reticulo- 
endothelial system and that the tumor cells ex- 
hibit capacity to differentiate into plasma cells, 


* myelocytes, lymphocytes, and even erythroblasts. 


According to this view, the tumor represents a 
form of totipotent myeloma capable of forming 
any one of the specific types of myeloma. This 
interpretation seems to have been rather widely 
accepted in Europe. 

The writer cannot accept this view and believes 
that the eminent French investigators have failed 
to distinguish between a specific type of endo- 
thelial tumor and other rarer round cell myelomas 
among which may probably be some that arise 
from the hematopoietic cell system or indifferent 
lymphoid reticulum cells. The writer believes 
that the typical endothelioma of bone arises from 
capillary endothelium and never exhibits any 
other properties than those belonging to vascular 
endothelium. The pseudo-rosettes, the charac- 
teristic perithelial structures, and the cords of 
polyhedral cells lining elongated spaces are the 
outstanding structural features of this tumor and 
they never appear in any tumor derived from 
hematopoietic cells or reticulum cells. Plasma 
cells, granular leucocytes and lymphocytes are 
notably absent from tumors presenting these fea- 
tures, and when they are present the tumor should 
be excluded from the group of endothelioma. 
Moreover, in many cases of endothelioma there 
are associated with the above structural features, 
dilated blood channels of various sizes composed 


'Codman. Surg., Gynec. & Obst., 1931, 52: 543. 
2Oberling, Raileanu. Bull. franc. Cancer ,1932 ,21: 333- 


of the typical tumor cells, disclosing the angio- 
blastic properties of the cells and connecting the 
tumor with other angiomas or angiosarcomas. 
Similar features are observed in capillary angio- 
sarcomas of other organs, notably the skin. 

According to the present available observations, 
it seems desirable to recognize a special class of 
bone tumors arising from blood vessels, with vary- 
ing structure and degrees of malignancy, as fol- 
lows: 


A. Cavernous angioma 

B. Plexiform angioma (sun-ray radiological type) 

C. Angio-endothelioma, with fine blood channels 
lined by single rows of endothelial cells 

D. Diffuse endothelioma, with pseudorosettes, 
and perithelial units, (Ewing’s sarcoma). 


The contribution of Oberling and Guerin is 
important in emphasizing the variety of cell types 
which appear in true myelomas of the hemato- 
poietic series and attention to which may permit 
the more accurate separation between true mye- 
lomas arising from specific marrow cells, and 
endothelioma arising from the capillary endo- 
thelium of bone tissue. 

Myeloma. The group of true myelomas, arising 
from specific marrow cells, not connected with 
bone, remains an alluring and difficult field for 
histological exploration, but the main varieties of 
these neoplasms have become more firmly estab- 
lished during the past decade. The chief contri- 
bution has been that of Oberling and Raileanu, 
who have furnished substantial basis for the recog- 
nition of a group of reticulum cell sarcomas, or 
lymphosarcoma. They have also apparently 
shown that some tumors arising from the reticu- 
lum cells of the bone marrow may differentiate 
toward plasma cell, or lymphocytic, or myelo- 
cytic, or erythroblastic subvarieties. Yet all 
observers have not accepted this wide potency of 
the simple reticulum cell of the bone marrow, and 
certainly the main varieties of myeloma previ- 
ously recognized, are generally quite distinct. 
These varieties are, plasma cell myeloma, myelo- 
cytoma, lymphocytoma, erythroblastoma. The 
existence of a pure reticulum cell lymphosarcoma 
of bone marrow was recognized many years ago 
by Kaufmann. He stated that the cells were 
larger than plasma cells, resembled large or small 
reticulum cells, with giant cells, and a reticular 
matrix was present. Craver and Copeland’ have 
reported 16 cases of this class, in some of which 
the disease was primary in the bone marrow, the 
patients did not suffer from cachexia or anemia 
of myeloma but were generally in fair condition 


3Craver and Copeland. Arch. Surg., 1934, 28: 809. 
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until shortly before death, the usual extensions of 
the disease to lymph nodes was observed, and 
the structure was that of pure reticulum cell sar- 
coma. Parker has described a series of such cases, 
primary in the bone marrow. 

The committee therefore recommends the 
recognition of pure reticulum cell lymphosarcoma 
and urges the further study of this entire group 
along the lines pursued by Oberling and Raileanu. 
The committee is inclined to exclude this tumor 
from the group of true myelomas. 

Since the report of liposarcoma of bone marrow 
in 1928 (London Cancer Congress), there have 
been few examples of this characteristic malig- 
nant tumor recorded, but enough to warrant its 
recognition in the present classification. Since 
it has no connection with specific marrow cells, 
the committee would exclude it from the group 
of true myelomas. Stewart! has reported in detail 
one case and another bas been reported by 
Rehbock and Hauser.? This tumor is probably 
more frequent than is now recognized. 

The main results of the present review may be 
stated as follows: The validity and practical value 
of the classification originally proposed by the 
committee are in general, confirmed, but certain 
changes and additions are required to meet ob- 
servations made during the past decade. 

The introduction of a separate group of tumors 
derived from cartilage and producing cartilage is 
theoretically justified and would be of practical 
advantage. A new group of tumors of blood ves- 
sels is introduced, and diffuse endothelioma is 
assigned to this group. 

Malignant giant cell tumors are recognized, 
and their occasional occurrence is emphasized. 
Epiphyseal giant cell tumors generally running a 
benign course are given a special entry. 

The group of myelomas is limited to those 
tumors arising from specific marrow cells. 

Reticulum cell lymphosarcoma, arising in bone 
marrow, is accepted as a well established variety. 

Liposarcoma, arising from the fat cells of bone 
marrow, is accepted as a definite entity. 


‘Stewart. Am. J. Path., 1931, 7: 87. 
*Rehbock and Hauser. Am. J. Cancer, 1936, 27: 37- 





The benign tumors of bone are included in the 
classification. 

Secondary tumors of bone are excluded, al- 
though the claims of certain neurosarcomas and 
of adamantinoma may be noted. 

A review for the literature on bone sarcoma of 
the past decade reveals the fact that we are still 
struggling with the complexities of simple patho- 
logical anatomy and histology and that there are 
few attempts to penetrate the field of etiology and 
pathogenesis. The accurate diagnosis of a bone 
sarcoma remains a rather difficult task. There is 
little doubt that the adoption of an adequate 
classification of these tumors, with as many sub- 
divisions as necessary, would be a distinct step 
forward. Unless the surgeon and pathologist are 
familiar with what may happen in the bone, he 
is hardly able to recognize what has happened. 
Yet the time would seem to have arrived when 
more definite efforts should be made to investi- 
gate the etiology of these processes by all means 
available. The recognition that giant cell tumors 
may be the sequel of parathyroid hyperactivity, 
and that malignant bone sarcomas inevitably 
result from the deposit of radium in the bones are 


outstanding contributions, which point the way 


to further investigations. Studies of the relation 
of phosphatase to bone growth have also thrown 
some light into a very obscure field and should be 
pursued further. The subject of traumatic bone 
sarcoma has made little progress but it would 
seem very desirable that no report of a supposed 
traumatic bone sarcoma should receive a hearing 
unless the case has been rigidly scrutinized accord- 
ing to recognized medicolegal criteria. No one 
has produced a bone sarcoma by trauma. The 
relation of infection to bone tumors has seldom 
been considered but many such tumors are in- 
fected from the first. Some very interesting 


instances of two or even three bone sarcomas _ 


in the same family have been reported. 

Accordingly the Registry Committee is dis- 
posed to limit the registration of cases in the 
future to those which present some unusual and 
instructive feature or in which special studies 
have been made in the field of etiology. 
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PLANS FOR 1939 CLINICAL CONGRESS IN PHILADELPHIA 


HE American College of Surgeons an- 

nounces the twenty-ninth annual Clini- 

cal Congress when the surgeons, medical 

schools, and hospitals of Philadelphia 
will be hosts to interested visitors from all parts of 
the United States and Canada during the five 
days October 16-20. Preparations for the meet- 
ing are being carried forward under the leadership 
of a representative committee of Philadelphia sur- 
geons. 

This group is assured of the full co-operation of 
the clinicians at the five medical schools and more 
than forty hospitals that will participate in the 
clinical program. There will be provided an ample 
and well arranged schedule of operative clinics 
demonstrating the technique of a wide variety of 
surgical procedures. The committee also plans to 
arrange a series of symposia and demonstration 
clinics at the medical schools and in the larger 
hospitals for the presentation of all phases of the 
work which is being done in general surgery, neuro- 
surgery, traumatic surgery, thoracic surgery, plas- 
tic surgery, orthopedic surgery, genito-urinary 
surgery, obstetrics and gynecology, and other 
allied specialties. The programs will be so cor- 
related that the visiting surgeon may be assured of 
an opportunity to devote his time continuously to 
clinics dealing particularly with the special sub- 
jects in which he is most interested. The final pro- 
gram will be published and classified according to 
the various specialties in order to aid the visiting 
surgeon in the selection of the clinics which he 
desires to attend. 

A preliminary schedule of the operative clinics 
and demonstrations is being prepared by the com- 
mittee for publication in the June issue of Sur- 
GERY, GYNECOLOGY AND OBSTETRICS and the 
Bulletin of the College. Clinics will be arranged 
for each day of the meeting beginning Monday 
afternoon and continuing each morning and after- 
noon of the following four days. All departments 
of surgery will be represented therein. 

The Executive Committee of the Board of Re- 
gents is preparing programs for the scientific ses- 
sions to be held each evening. At the opening 
meeting on Monday evening the retiring presi- 
dent, Dr. Howard C. Naffziger, of San Francisco, 
will deliver the Presidential Address, and the new 
officers—Dr. George P. Muller, of Philadelphia, 
president; Dr. Henry W. Cave, New York, and 
Dr. D. Edwin Robertson, Toronto, vice-presi- 
dents—will be inaugurated. The 1939 class of ini- 
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tiates will be received into fellowship at this 
meeting. On Tuesday, Wednesday, and Thurs- 
day evenings eminent surgeons of the United 
States and Canada, together with a number of 
visiting surgeons from foreign countries, will pre- 
sent and discuss papers dealing with surgical sub- 
jects of timely importance. 

Special attention is being given by sub-commit- 
tees on ophthalmology and otolaryngology in ar- 
ranging complete programs on these subjects. It 
is planned to hold clinical demonstrations at head- 
quarters each morning and operative clinics and 
demonstrations at the local hospitals in the after- 
noons for those interested in these specialties. 
Evening sessions will also be held at headquarters, 
at which visiting ophthalmologists and otolaryn- 
gologists will present papers of special interest. 

Other features of the 1939 Clinical Congress 
will include afternoon conferences and symposia 
dealing with cancer, obstetrics and gynecology, 
fractures and traumatic surgery, urology, and 
other subjects. An extensive series of round- 
table conferences are to be held at headquarters 
each day. These conferences will cover a wide 
variety of important subjects of vital interest. 

The annual hospital conference will open the 
Congress with a session at 10 o’clock on Monday 
morning when the approved list of hospitals, can- 
cer clinics and medical services in industry will be 
announced. A list of hospitals approved for grad- 
uate training in surgery will also be announced at 
this meeting. In keeping with the importance of 
these programs of the College, there will be held a 
series of round table conferences and practical 
demonstrations, both at headquarters and in the 
local hospitals, dealing with the many problems 
related to hospital efficiency, management, and 
education. It is proposed to make this year’s ses- 
sion of wide interest and practica] character 
through a careful selection of subjects to be pre- 
sented and discussed by surgeons and hospital 
executives. Particular emphasis will be directed 
toward the educational programs of hospitals 
in the training of surgeons. 

Headquarters for the Congress will be estab- 
lished at the Bellevue-Stratford Hotel where the 
several meeting rooms on the top floor have been 
reserved for conferences, symposia, and clinical 
assemblies. The evening scientific sessions will be 
held at Irvine Hall on the campus of the Univer- 
sity of Pennsylvania, for which special bus trans- 
portation is being arranged. 
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The Technical Exhibition will be located on the 
first floor in the Grand Ballroom, its large foyers, 
and adjacent rooms. Here also will be placed the 
registration and clinic ticket bureaus, and the bul- 
letin boards on which the daily clinical program 
for the following day will be posted each after- 
noon. Leading manufacturers of surgical instru- 
ments, x-ray equipment, operating room lights, 
hospital apparatus of all kinds, ligatures, dress- 
ings, pharmaceuticals, and publishers of medical 
books will be represented. 

The hospitals and medical schools of Philadel- 
phia afford accommodations for large numbers of 
visiting surgeons, but to insure against overcrowd- 
ing, attendance at the Congress will be limited to 
a number that can be comfortably accommodated 
at the clinics. It is expected and urged, there- 
fore, that those surgeons who wish to attend the 
Congress will register in advance. 

A registration fee of five dollars is required of 
each surgeon attending the Clinical Congress. A 
formal receipt for the fee is issued to each surgeon 
registering in advance, which receipt is to be ex- 
changed for general admission card upon his reg- 
istration at headquarters. This card is non- 
transferable and must be presented in order to 
secure clinic tickets and for admission to the eve- 
ning meetings and other scientific sessions. 

Admittance to clinics and demonstrations at 
the hospitals will be controlled by means of special 
clinic tickets. Such a plan provides the only effi- 
cient means for the distribution of the visiting 
surgeons among the several clinics, and insures 
against overcrowding, as the number of tickets 
issued for any clinic will be limited to the capacity 
of the room in which that clinic is given. 


COMMITTEE ON ARRANGEMENTS 
EXECUTIVE COMMITTEE 
Thomas A. Shallow, Robert H. Ivy 


Chairman Chevalier L. Jackson 
Lewis K. Ferguson, Richard H. Meade 
Secretary Thaddeus L. Montgomery 


J. T. Nicholson 

John Paul North 
Hubley R. Owen 
Franklin L. Payne 
Warren S. Reese 
Frederick R. Robbins 
Thomas J. Ryan 
Calvin M. Smyth, Jr. 
Margaret Sturgis 


William Bates 

W. E. Burnett 

Edward L. Campbell 

J. Montgomery Deaver 

Everett H. Dickinson 

Gilson C. Engel 

Theodore R. Fetter 

Kenneth E. Fry 

Ralph Goldsmith 

Francis Grant 
HOSPITAL REPRESENTATIVES 

Abington—J. Walter Levering. 

American Hospital for Diseases of the Stomach—Herbert 

R. Hawthorne. ‘ 

American Oncologic—George M. Dorrance. 

Broad Street—Theodore C. Geary. 

Bryn Mawr—J. Stewart Rodman. 


SURGERY, GYNECOLOGY AND OBSTETRICS 


Chestnut Hill—William C. Sheehan. 

Children’s—Ernest G. Williamson. 

Cooper (Camden, N. J.)—Irvin E. Deibert 

Delaware—Drury Hinton. 

Fitzgerald-Mercy—Thomas J. Ryan. 

Frankford—Louis D. Englerth. 

Germantown— William B. Swartley. 

Graduate—William Bates, Benjamin H. Shuster, Luther C 
Peter, Harry L. Farrell. 

Hahnemann—Herbert P. Leopold, Frank O. Nagle, John 
A. Brooke, Newlin F. Paxson. 

Jeanes—Roscoe W. Teahan. 

Jefferson—Thomas A. Shallow, Louis H. Clerf, Charles R 
Heed. 

Jewish—Ralph Goldsmith, Phillip F. Williams. 

Kensington—Edward A. Schumann. 

Lankenau—Gilson C. Engel. 

Memorial—Bruce L. Fleming. 

Methodist Episcopal—Calvin M. Smyth, James B. Mason 

Misericordia—Francesco Mogavero. 

Mt. Sinai—Benjamin Lipschutz. 

Northeastern—T. Turner Thomas. 

Northern Liberties—Norman S. Rothschild. 

Pennsylvania— Walter Estell Lee, John B. Flick, F. R. 
Robbins. 

Philadelphia General—V. W. Murray Wright, Robert 
Hunter, John C. Howell, I. S. Hneleski. 

Philadelphia Lying-In—Norris W. Vaux. 

Philadelphia Orthopedic—DeForrest P. Willard. 

Presbyterian—J. Paul North. 

Preston Retreat—John Cooke Hirst. 

Joseph Price Memorial—James W. Kennedy. 

Protestant Episcopal—Richard H. Meade, Jr., Otto C 
Hirst, Andrew Knox. 

St. Christopher’s—Harry E. Knox. 

St. Joseph’s—Verne G. Burden. 

St. Luke’s and Children’s—Desiderio Roman. 

St. Mary’s—James A. Kelly. 

St. Vincent’s—William F. Morrison. 

Shriner’s—John R. Moore. 

Stetson—Robert S. Alston. 

Temple University—W. Wayne Babcock, W. I. Lillie, 
Robert F. Ridpath. 

University of Pennsylvania—I. S. Ravdin, Harry P. 
Schenck, Francis H. Adler, Franklin L. Payne. 

U. S. Naval—F. L. Conklin. 

West Jersey Homeopathic (Camden, N. J.)—E. S. Hal- 
linger. 

Wills—Warren S. Reese. 

Woman’s Homeopathic—Francois L. Hughes. 

Woman’s— Margaret Sturgis. 

Woman’s Medical College—S. Faith Fetterman, James 
Lehman. 

SUB-COMMITTEES 

Bronchos-Esophagoscopy—Chevalier L. Jackson, Chair- 
man. 

General Surgery—Hubley R. Owen, Chairman. 

Genito-Urinary Surgery—Theodore F. Fetter, Chairman; 
Alexander Randall. 

Industrial Surgery—William Bates, Chairman. 

Neuro-Surgery—Francis Grant, Chairman. 

Obstetrics and Gynecology—Franklin L. Payne, Chair- 
man; Norris W. Vaux, Thaddeus L. Montgomery. 

Ophthalmology—Warren S. Reese, Chairman. 

Orthopedic Surgery—J. T. Nicholson, Chairman. 

Otolaryngology—Edward L. Campbell, Chairman. 

Plastic Surgery—Robert H. Ivy, Chairman. 

Publicity—Kenneth E. Fry, Chairman; J. Montgomery 
Deaver, Richard H. Meade. 

Thoracic Surgery—W. Emory Burnett, Chairman. 
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BORN JULY 19, 1865—DIED May 26, 1939 ; 
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